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RYWCIJTXVE  SOMM&RY 


•Prt  address  the  perceived  increasing  burdens  associated  wi^ 
use  ol  SSSIId  u?a5ium  (DU)  as  a  kinetic  energy  (^)penetrator 
material  ^the  AMCCOM  Task  Group  examined  use  of  alternate 

materials  and  considered  the  impacts  of  this  in 

„ortnrmance*  the  industrial  base;  environmental  and  health 

cSits.  Application  of  DO  and  tungsten 

(WA)  mateSaS  to  the  peneteators  for  three  future  weapon 
alloy  (wa;  mateixax  the  1995  -  2000  timeframe  was 

SSidIred  ^TheL  systems  are:  the  Advanced  Tank  Camon  Syst^ 
?A?AaT  Soiibat  vehicle  Armament  Technology  (COMVAT)  Progr^;  and 
viAot?r^Enerav  Missile  (KEM) .  The  overall  objective  was  to 
rrovide  data  and  recommendations  which  could  be  utilized  by  ^e 
l^I^SSeSf in“eve!oping  a. long  term  frategy  f or  ^  penetrator 
^^lecliion#  and  which  could  also  be  utilized  in 
^SSSsSn^rllatSd  near  term  problems.  This  report  provides  the 
unclassified  and  non-proprietary  findings  of  toe  stu^,  and  is 
intended  for  distribution  to  Department  of  Defen^ 
iSntractors  with  interests  in  KE  penetrator  design  and 
manufacture . 


Performance 

perfSSaSSe"iSS^5s?r^  lS??S?S^tifS.pSmSes  Sf  DD  and 

LKI-  ‘^aSsif  ™u!nSirL^^^^ 

rlSlts  d^onstrlted,  for  boto  RHA  and  range  targets,  that  DU 
nutcerforms  WA  by  a  substantial  margin.  However,  this  . 
ner'^ormance  cap  may  be  overcome  to  some  extent  by  using  higher 
?«^hSSLoav  oro?eSile  designs  or  launch  mechanisms  for  WA  than 
al^lS  fofsl  largrcaliber  gun  systen 
An  assessment  of  toe  emerging  technologies  which  might  be 

in  the  1995  -  2000  timeframe  did  not, 

however,  disclose  either  launch  or  WA  material  mSk? 

woSreAhance  performance  significantly  and  early  enough  to  make 
Sri  loS-  to  medium-risk  alternative  penetrator  material  for  toe 
ATAC  system.  A  recommendation  was  made  to  pursue  a  long  term 


i 


effort  to  enhance  WA  terminal  ballistic  performance  and  to 
optimize  sabot/penetrator  designs  for  WA.  This  effort  should 
incorporate  the  recommendations  of  the  ARDEC/BRL/HTL  Tungsten 
Coordination  Committee,  which  are  summarized  in  Chapter  II  of 

this  report.  .  ^  ^  . 

There  are  existing  Army  and  DARPA  programs  aimed  at  improving 
WA  penetrator  performance.  The  Army  should  continue  to  support 
these  progrzutts,  since  they  may  eventually  permit  the  use  of  WA  as 
a  viable  alternative  to  DU  for  large  caliber  cannon  systems. 

For  the  Navy's  20mm  Phalanx  syst^,  WA  significantly 
outperforms  the  DU  alloy  used  in  comparison  testing.  However,  the 
targets  used  to  represent  the  Phalanx  system  threat  bear  no 
resemblence  to  the  threat  targets  of  interest  for  Army  KE 
systems. 


The  Industrial  Base 

For  peacetime  production  of  the  penetrators  considered  in 
this  study,  no  industrial  base  capacity  problems  were  identified. 
Material  availability  is  currently  adequate  for  both  depleted 
uranium  and  tungsten.  The  U.S.  is  dependent  on  io^orts  of 
tungsten  concentrate,  with  only  one  mine  currently  open  in  North 
America.  Approximately  50%  of  U.S.  tungsten  imports  come  from 
mainland  China.  Barring  any  cutoff  of  this  supply,  availability 
of  tungsten  should  not  be  a  problem.  Any  short  term  supply 
problems  could  be  met  by  releases  from  the  stockpile. 

The  national  stockpile  of  tungsten  concentrate  is  planned  for 
critical  applications  other  than  penetrators.  In  a  mobilization 
situation,  imports  would  most  likely  be  restricted.  Thus,  a 
recommendation  was  made  to  increase  the  tungsten  concentrate 
stoc)q>ile. 

Private  sector  capacity  to  process  raw  material  into  metallic 
form  for  either  depleted  uranium  or  tungsten  penetrator  use  is 
adequate  for  peacetime.  However,  under  mobilization  conditions, 
shortfalls  would  exist  for  both  materials.  Equipment  for 
manufacture  of  uranium  tetrafluoride  (UF^),  DU  derby,  DU  cast 

billets,  ammonium  paratungstate  (APT) ,  and  tungsten  powder  would 
have  to  be  procured  during  the  first  year  of  a  mobilization 
period  to  meet  the  shortfall  in  mobilization  capacity  for  these 
operations. 

For  the  remaining  downstream  operations  (starting  with 
rolling  or  extrusion  for  DU  and  with  blending  of  alloy  powders 
for  tungsten) ,  there  will  be  additional  production  facilities 


r*erniired  for  both  materials  at  peacetime  as  well  as  mobilization 
SSSction  levels.  For  the  ATAC,  COMVAT  and  KEM  systems,  toese 
?aeiliti2ation  costs  for  peacetime  quantities  range  from  $0.5M  if 
All  iiSetrators  were  made  from  DU,  to  $5.75M  if  all  were  made 
from  WA.  Corresponding  costs  for  mobilization  quantities  are 

^^^*The  p?oduitio5'cSS^Sf^DU^Jnd  WA  penetrators  were  estimated 
♦-n  he  eoual  for  large  caliber  penetrators.  WA  penetrators  are 
less  coltly  for  small  caliber  sizes  such  as  the  Navy  20mm  Phalanx 

systg.  capacity  is  adequate  to  supply  DOE  identified 

DO  d^Stms  during  peacetime?  however,  during  mobilization,  there 
.  Available  for  DOE  programs.  Maintaining 

toe”uF^and  derby  manufacturing  capabilities  at  the  DOE  Femald 

facility  is  recommended  to  correct  both  DOE  and  DOD  mobilization 
Shortfalls  provided  environmental  concerns  don't  prevent  this. 

^  Shirt  te?m  workloading  problems  in  the  DU  manufacturing  base 
were  ISSill™  Sere  are  WE  programs  which  may  provide  near 
term  requirements  to  workload  the  private  sector.  A 
rSImleSdation  was  made  to  foster  DOD/DOE  discussions  to  firmly 
establish  these  quantities  and  timeframes. 


Environmental/Health  Factors 

The  overall  conclusion  of  the  environmental/healto 
i„ve“igS“n  is'Sat  DU  and  WA  are  aoeept^l.  for  use 

sks,  KE  meriGf iTSiboirs  with  irGgsird  to  humGn  health  and 
“vHo^nt!  ^  environmental  effects  of  both  Mterxals  are 
rather  low  when  appropriate  controls  are  used.  Human  health 
rtste  arl  rnSnageable  to  an  acceptable  level  through  pro^r 
industrial  hygiene  controls  and  monitoring,  field  ^  ^ 

doctrine,  and  medical  surveillance.  The  environmental  efferts  of 
WA  and  DU  munitions  have  not  been  fully  characterized  by  th 
scientific  community  and  should  be  investigated. 

There  are  advantages  of  an  environmental  nature  to  WA  over 
DU.  aStlr  “  tlx  a  listing  of  these 

the  sionificamce  of  these  advantages  can  only  be  determined  after 
tol  through  characterizations  of  DU  and  WA  munitions  recommended 

'^iloStlSiSatimn°S^^di|^osal  (DSD) 
sites,  as  well  as  low  level  waste  disposal,  will  become 
significant  factors  in  continuing  DU  operations  in  the  near 

future. 


Life  Cycle  Costs 

AvaileUale  cost  data  were  analyzed  to  compare  life  cycle  costs 
for  DU  and  WA  penetrators  for  each  future  weapon  system.  Rough 
order  of  magnitude  (ROM)  cost  differentials  over  a  ten  year 
production  period  were  considered  in  the  following  areas:  R&D; 
stocl^ile;  facilitization;  manufacture;  operations  and  support 
(O&S) ;  and  demilitarization  (demil) . 

The  cost  drivers  identified  were:  R&D  required  to  improve  WA 
performance  (ATAC  only) ;  stoclqiile  additions  for  mobilization 
(favors  DU) ;  possible  manufacturing  cost  differential  for  COMVAT 
(would  favor  WA) ;  and  demil  (favors  WA) .  The  overall  life  cycle 
cost  differential  favors  DU  by  a  significant  amount  for  ATAC. 

For  KEM,  the  cost  differential  is  essentially  zero.  The  cost 
differential  for  COMVAT  is  sensitive  to  the  relative 
manufacturing  costs  for  the  two  materials,  and  ranges  from  zero 
to  a  significant  amount  in  favor  of  WA. 

Significant  data  gaps  exist  in  this  cost  analysis  due  to  both 
time  constraints  and  lack  of  available  data.  Estimates  for 
testing,  safety  monitoring,  O&S  and  demil  cost  differentials  were 
primarily  drawn  from  previously  developed  25mm  data.  Application 
of  this  data  to  future  systems  is  questionable,  especially  in 
light  of  changing  regulatory  requirements.  Good  data  on  demil 
procedures  and  costs  are  not  available. 


Overall  Recommendations 

1.  Continue  to  develop  maximum  achieveddle  performance  from  DU 
penetrators  for  the  ATAC  system.  This  recommendation  is 
considered  to  be  in  compliance  with  DIAM  4145. 8/AR  700*64, 
Radioactive  Commodities  in  the  DOD  Supply  Systems,  April  1985, 
%rtiich  requires  that  "use  of  radioactive  materials  in  items  of 
supply  be  kept  to  a  minimum  consistent  with  DOD  needs." 

2.  Continue  to  develop  WA  penetrators  for  the  COMVAT  system, 
but  consider  initiating  "dual  material"  development  in  early  6.3 
R&D. 

3.  For  the  KEM  system,  no  material  recommendation  is  auide, 
since  the  performance  analysis  conducted  for  this  study  assumed 
penetrator  and  weapon  parameters  which  were  not  provided  by,  nor 
approved  by,  PM  LOSAT.  Further  analysis,  with  approved  system 
parameters,  should  be  performed  prior  to  making  a  material 
selection. 
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A  Tvoe  Classification,  for  Foreign  Sal^,  of  a 

4*  ryP®  t-hie  M829  is  recoBDiended •  This  action 

120iim  WA  incentive  to  support  continued  WA  material 

would  provide  further  incentive  uo  broaden  the 

pSetel?"  base,  for  wiich  mobilization  shortfalls 

have^^enoidentified^ational  stockpile  of  tungsten  concentrate  if 

roS/Mrcoo^ration  in  addressing^^th  near 

I  o?l?SrJSe°S^n  SSge.ent  of 

S2riSitions“  The  rationale  and  proposed  functions  of  this 
office  are  provided  in  Chapter  VI. 

i  «ntnn.ai-v  of  the  report's  physical  layout  is  provided  here  to 
aid  in  VSSSnf portions  of  interest.  The  report  consists  of  six 
lifpSrs^d  flu?  appendices.  It  is  bound  in  two  separate 
sections  as  follows: 

-  Chapters  I  through  VI  and  Appendices  A  through  C. 

-  ADoendix  D,  detailed  environmental  and  health 
considerations,  is  bound  separately  due  to  its  size. 
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CHAPTER  I 

BACRSHODllD,  SCOPE  AND  APPBOACH 
for  the 

KE  Penetrator  Long  Term  Strategy  Study 


1.  Background 

a.  This  study  addresses  the  following  question  posed  by 
the  Denutv* Assistant  Secretary  of  the  Army  for  Research 
Svel^pmSt  and  Acquisition  (Dep  ASA/RDA)  in  Janua^,  1989:  ^What 
is  the^best,  long  term  strategy  for  the  U.S.  Army  in  the  choice 
of  KE  penetrator  materials?" 

In  tasking  the  Deputy  Chief  of  Staff  for  Ammunition  (DCS 
for  Ammo)  at  the  Army  Materiel  Command  (AMC)  to  take  the  lead  in 
addressing  this  question,  the  Dep  ASA/RDA  referred  to  tte 
inereasini  burden  and  changed  resource  situation  ^sociatedwitt 
the  current  KE  penetrator  material,  depleted  uranium  (DU).  These 
00  related  concerns  were  based  on  several  assumptions: 

1)  Strategic  resource  availability  forecasts  have 
changed  since  the  original  DO  investment  decision  was  made. 

^  2)  Technical  advances  in  alternate  materials  have 

been  made,  which  provide  enhamced  launch  characteristics  and 

terminal  balli  manufacture,  testing  and  demilitarization 

fdemil)  of  DU  penetrators  will  become  increasingly  more  complex, 
and  subject  to  severe  Environmental  Protection  Agency 

(EPA)  restrict!  highly  desirable  to  fire  some  service 

ammunition  in  training,  Md  economically  .^9 

obsolete  service  ammo  (with  minimal  rework)  in  training. 

To  varying  extents,  the  above  assumptions  have  been 
examined  during  this  study. 

Several  additional  assumptions  lay  behind  these  DU 
concerns  vrtxich  have  not  been  addressed; 

1)  There  will  be  increasing  pressures  to  pursue 
cooperative  agendas  with  our  NATO  and  non-NATO  ^lies  which  may 
have  some  influence  on  penetrator  material  selection. 

2)  Foreign  military  sales  will  often  retire 
alternate  materials.  Related  to  this  is  the  assumption  that 
overseas  sales  or  deployment  of  DU  will  be  subject  to  increasing 
political  sensitivity  and  product  liability. 
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An  exeaaination  of  the  validity  of  these  latter  two 
assumptions,  and  the  related  impacts  on  material  recommendations, 
was  considered  beyond  the  resources  and  scope  of  this  study. 

b.  In  late  April,  1989,  the  DCS  for  Ammo  tasked  the 
U.S.  Army  Armament,  Munitions  and  Chemical  Command  (AMCCOM)  with 
establishing  an  AMCCOM  Task  Group  to  address  the  Dep  ASA/RDA's 
question,  with  emphasis  on  three- major  areas  of  investigation: 

1)  Industrial  base  impacts 

2)  Environmental  concerns  ' 

3)  Performance  considerations 

A  senior  level  Steering  Pemel  was  est2d}lished,  chaired  by  the 
Assistant  DCS  for  Ammo,  to  guide  the  efforts  of  the  Task  Group, 
and  other  related  efforts,  toward  developing  a  strategic  long 
remge  plan  for  KE  penetrators.  It  should  be  noted  that  the  title 
AMCCOM  Task  Group  is  not  completely  accurate,  since  a  significant 
portion  of  the  effort  was  performed  by  the  Ballistics  Research 
Laboratory  (BRL)  within  the  U.S.  Army  Laboratory  Command 
(LABCOM) . 


c.  With  AMC  and  Steering  Panel  guidance,  the  Task  Group 
developed  a  Study  Plan  and  initiated  a  five  month  effort  in  June, 
1989.  A  dxraft  Final  Report  was  completed  in  December  1989,  and 
%ras  distributed  to  DU  and  Tungsten  penetrator  memufacturers  for 
comment  in  February  1990.  Since  the  draft  report  was 
distributed,  many  helpful  and  constructive  comments  were  received 
from  industry  representatives.  This  report  presents  the 
unclassified  and  non-proprietary  findings  of  the  Task  Group's 
investigations,  adjusted  to  reflect  many  of  those  comments. 

2.  SCOPE 


a.  The  study  considered  recommendations  for  material 
selection  for  the  KE  penetrators  to  be  used  in  three  future  Army 
weapon  systems  which  are  scheduled  to  be  fielded  during  the  1995- 
2000  timeframe.  These  are:  Advanced  Tank  Ceumon  (ATAC)  System 
for  the  Block  III  tank;  Combat  Vehicle  Armament  Technology 
(COMVAT)  Program  for  the  Future  Infantry  Fighting  Vehicle  (FIFV) ; 
and  the  Kinetic  Energy  Missile  (KEM)  for  the  Line  of  Sight  Anti- 
Tank  (LOSAT)  System. 

b.  Other  uses  of  the  penetrator  materials,  such  as 
armor,  DOE  programs,  explosively  formed  penetrators  (EFP)  and 
commercial  applications  were  considered  only  from  the  vantage  of 
their  impact  on  raw  material  usage  emd  production  capacity. 

c.  The  overall  objective  of  the  study  was  to  provide 
recommendations  for  KE  penetrator  material  selection  for  each  of 
these  future  weapon  systems.  Plans  and  rough  order  of  magnitude 
(ROM)  costs  to  implement  these  recommendations  were  also  to  be 
provided. 
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3.  APPROACH 

a.  All  possible  material  alternatives  which  would 
sa'tlsfv  future  requirements  were  considered,  but  most  of  the 
study  effort  was  directed  toward  evaluation  of  the  advantages  a^ 
dSSvantage  of  DU  and  tungsten  alloys  (WA) .  Past  and  current  KE 
penitrator  performance  and  production  quantity  requirements  were 
?eviewed  to  establish  a  baseline  for  ex^ining  future 
requirements.  Each  material  was  investigated  to  assess  its 
relative  merits  in  the  areas  of  performance  vs.  the  future 
Sreat.  industrial  base  considerations,  environmental  impacts, 

Md  life  cycle  costs  for  each  weapon  system  considered.  Chapters 
II  through  V  provide  the  findings  and  conclusions  in  each  of 
theS  areas,  respectively.  Chapter  VI  presents  the  overall 
conclusions  and  recommendations  of  the  study.  Much  of  the 
th?Iat,  performance  and  quantity  requirement  information  utilized 
in  the  study  is  classified  and  is  only  referred  to  in  this 
report. 

b.  During  the  course  of  the  study,  the  steering  Panel 
raised  several  issues  closely  related  to  the  Long  Term  Strategy 
Study,  %rtiich  have  been  addressed  as  follows: 

1)  Test  and  Evaluation  -  Interest  was  stressed  in 
identifying  means  of  reducing  the  amount  of  DU  test  firings  by 
application  of  statistical  process  control  (SPC)  and  other 
SiSods.  information  provided  by.the  ^MC  Quality  ^surance  (QA) 
Office  on  this  topic  is  included  in  Appendix  A.  Mso  included 
Sere  is  information  on  the  TECOM  Superbox  and  catchboxes. 

2)  DU  base  worJcloading  -  Near  term  world oading 
concerns  within  the  DU  production  base  were  discussed  and 
evaluSed  with  respect  to  DOD  and  DOE  quantity  requir^ents. 
Results  of  the  evaluation  are  considered  in  toe  study  s 
recommendations,  but  details  are  not  included  in  this  report 
since  they  ere  competitxon  sensitive • 

c.  To  address  the  major  areas  of  study  interest,  the 
xMccoM  Taslc  Group  was  formed  into  four  sub— •  ®ie  personne 

data  gathering  and  reporting  within  each  area 

are  as  follows: 

1)  Industrial  Base  Considerations 


Mr.  Duane  Gustad  (ARDEC,  SMCAR“CCH“P) 
Mr.  Michael  Smurla  (PBMA,  AMSMC-PBM-K) 
Mr.  Gerard  Voorhis  (ARDEC,  SMCAR-CCH-P) 
Mr.  David  Dakan  (AMCCOM,  AMSMC-IRC) 
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2}  Environmental  Considerations 

Mr.  Thomas  McWilliams  (PBMA,  AMSMC-PBM-A) 

Mr.  George  O'Brien  (PBMA,  AMSMC-PBM-D) 

3)  Performance  Considerations 

Mr.  Louis  Giglio-Tos  (BRL,  SLCBR-TB-P) 

Mr.  Konrad  Frank  (BRL,  SKBR-TB-P) 

Mr.  Stanley  WaxmeUi  (ARDEC,  SMCAR-AET-M) 

Dr.  Sheldon  Cytron  (ARDEC,  SMCAR>!*AET>M) 

Mr.  Paul  Gemmill  (A]WEC,  SMCAR~CCH-V) 

Mr.  Sheldon  Rachlin  (ARDEC,  SMCAR-FSS) 

Mr.  John  McDonald  (ARDEC,  SMCAR-ASF) 

Mr.  Robert  Testa  (ARDEC,  SMCAR>CCS) 

Mr.  Owen  Saucyn  (ARDEC,  SMCAR-CCS) 

4)  Cost  Analysis 

Mr.  Richard  Rhinesmith  (ARDEC,  SMCAR^ASH) 

Ms.  Joyce  Kufel  (PBMA,  AMSM-PBM-K) 

Team  Leader  Mr.  Michael  Danesi  (ARDEC,  SMCAR-CCH) 

In  addition  to  these  team  members,  valuable  assistance 
pj^ovided  by  several  other  members  of  the  Termxnal  Ballistics 
Division  of  BRL,  and  by  various  offices  within  PBMA,  ARDEC,  HQ 
AMCCOM  and  MICOM.  The  environmental  investigations  were 
supplemented  by  the  contractual  efforts  of  Science  Applications 
International  Corporation  (SAIC) ,  whose  comprehensive  report  is 
summarized  in  Chapter  IV.  Appendix  D  contains  a  generic  risk 
assessment  and  summary  report  from  SAIC.  Radiological 
Assessments  Corporation  provided  a  preliminary  analysis  comparing 
the  long  range  health  risks  of  DU  and  WA  contamination  of  test 
ranges  and  battlefields.  Their  report  is  included  as  Appendix  B. 
Finally,  the  DU  and  WA  manufacturers  provided  data  on  their 
aiaterials,  processes  and  capabilities,  without  which  the  study 
could  not  have  been  completed. 
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CHAPTER  II 


FERFORMAMCE  OOMSIDERATIONS 
for  the 

KE  Penetrator  Long  Tern  Strategy  Study 


1.  Jntiroduction 

The  ability  of  DU  and  alternate  KE  penetrator  materials  to 
defeat  fSure  tteStraSociated  with  the  ATAC,  COMVAT  and  KEM 
ivS^^ll  be  discussed  in  this  chapter.  Although  the 
intent  of  the  study  was  to  analyze  all  acceptable  altepiates  to  DU, 
no  natierial  other  than  tungsten  alloy  (WA)  was  identified  which 
Tn-irrht  satlsfv  the  performance  requirements  of  these  three  weapon 

gKen^e  “un™  and  naterial  tachnologies  axpeetad  to  be 

fjCjiilnlnting  with  several  DD-WA  conposites  whi^  they 
feel  show  promise  of  performance  benefits  over  eitoer  material 
individually.  Since  this  alternative  would  probably  not  belp  in 
solvino  the  perceived  problems  associated  with  DU  referred  to  in 

i?  ^  eince  testing  data  is  lifted,  it  was  not  considered 

as  a  third  alternative  for  purposes  of  this  study.  chases 

The  performance  investigation  was  conducted  J®®®  * 

First  an  assessment  was  made  of  the  appropriate  threat  to  use 
stSj  t^Sposes  for  each  weapon  systen.  Hert,  a 

was  conducted  by  BRL,  trtxich  considered  state-of-the-art  DU  and  WA 
material  performance  vs.  the  threat.  And  lastly,  an  assessment  was 
made  of  the  emerging  technologies 

future  latmch  capabilities  which  may  have  an  impact  ®^., 

performance  analysis,  and,  thus,  on  material  choice.  These  three 
areas  of  investigations  are  discussed  below. 


a.  Thy«»at  Analysis 

The  objective  of  this  portion  of  the  investigation  was  to 
determiil,  fo?  stidy  purposes,  the  appropriate  threat.to  be  used  by 
BRL  in  their  performance  analysis.  The  guidance  provided  by  the 
Steering  Panel  was  to  utilize  appropriate  range  targets,  as 
determined  by  the  threat  community. 

eouivalents  were  to  be  used  as  a  back-up  definition  of  the  threat 
for  each  system.  Both  range  targets  and  RHA  were  eventually  used  by 
BRL  in  their  analysis. 

2^  Details  of  the  approa^  and  conclusions  of  the  threat 
analysu’brTSisIifiea  and  are  not  included,  in  this  report,  .tte 
v*aTUTe  taraets  used  in  the  performance  analysis  were  concurred  in  by 
the^office  of  Deputy  Chief  of  Staff  for  Intelligence  (DCSIOT)  as 
Sprelei?ing  1^%S?Spkate  system  threats  at  the  time  of  BRL's 
performance  analysis  (October  1989) . 


b.  Performance  Analysis 

1)  Pertinent  system  parameters  for  the  ATAC  and  COWAT 
systems  were  provided  to  BRL  by  the  appropriate  program  offices. 
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These  parameters  were  imavalleible  for  the  KEH/LOSAT  system  at  the 
time  of  the  study,  but  BRL  was  able  to  conduct  the  analysis  using  an 
assumed  geometiry  and  velocity  profile. 

2)  Details  of  the  BRL  performance  analysis  are  classified 
and  are  not  included  in  this  report.  In  summary,  BRL's  analysis 
shows  that  KE  systems  using  DD  penetrators  outperform  those  with  WA 
penetrators  when  the  same  system  constraints  are  applied.  The 
specific  item  designs  analyzed  also  show  that  this  performance  gap 
may  be  overcome  to  some  extent  by  using  higher  technolo^  projectile 
designs  or  launch  mechanisms  for  WA  than  those  assumed  in  the 
analysis.  On  the  other  hand,  as  long  as  requirements  dilate 
extracting  the  maximum  possible  performance  of  systems  like  KEM, 

ATAC  and  COMVAT,  the  material  of  choice  will  remain  WJ. 

c.  Emerging  Technologies 

This  section  provides  the  findings  of  the  study  in 
investigating  the  improvements  in  material  performance  and  laimch 
technologies  which  may  be  expected  to  be  available  to  the  ATAC, 

COMVAT  or  KEM  weapon  systems  by  their  respective  fielding  times. 

An  evaluation  is  made  of  the  likelihood  that  these  technologies  will 
change  the  levels  of  performemce  achievable  by  each  penetrator 
material  as  estimated  by  BRL  in  their  performance  analysis. 

1)  Future  Launch  Technology 

a)  There  are  five  launch  systems  considered  in  this  study 
for  possible  application  of  their  technology  to  ATAC,  COMVAT  and/or 
KEM  by  the  1995  >  2000  time  frame,  namely:  Rocket  Assisted  Kinetic 
Energy  (RAKE) ,  X-Rod,  Liquid  Propellant  Gun  (LP) ,  Electrothermal  Gun 
(ET),  and  Electromagnetic  Gun  (EM). 

All  five  systems  are  characterized  by  delivering  penetrators 
with  much  higher  terminal  velocity  than  the  weapons  they  will 
replace.  To  help  convey  the  relative  differences  between  the 
distinctly  different  systems.  Figure  II-l  shows  three  curves 
depicting  the  relative  differences  on  scaleless  coordinates,  ^e 
graphs  tend  to  convey  the  quantum  leap  in  muzzle  energy  potentially 
derived  by  the  future  weapon  technology. 

In  the  BRL  analysis,  WA  performance  was  marginal  or  failed 
to  defeat  certain  targets  using  specific  guns.  With  these  five  new 
weapon  technologies,  mucAi  higher  terminal  velocities  and  higher  mass 
penetrators  will  be  launched,  producing  higher  kinetic  energy  upon 
target  impact.  Consequently,  the  kinetic  energy  delivered  to  the 
target  is  expected  to  be  overwhelming  enough  to  defeat  the  most 
advanced  foreign  threat  as  it  is  conceived  at  this  time.  The 
question  this  portion  of  the  study  attempts  to  address  is  "will 
these  technologies  be  available,  with  acceptable  risk  levels,  within 
the  fielding  time  frame  of  the  ATAC,  COMVAT  and  KEM  systems?" 

RAKE  will  provide  an  unguided  extended  range  to  the  KE  roiind 
for  the  105mm,  M68  tamk  gun  system.  It  is  a  cannon  launched  KE 
projectile  containing  a  DO  penetrator,  with  a  rocket  motor  booster. 
Maintaining  accuracy  in  this  type  of  ammunition  is  usually  a 
problem;  and  being  in  its  early  stage  of  development,  acceptable 
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accuracy  has  yet  to  be  demonstrated  by  RAKE  at  the  required  terminal 
velocity  and  range.  If  the  RAKE  system  were  developed  to  its  full 
potential,  application  of  this  technology  to  the  ATAC  gun  system 
would  provide  a  substantial  increase  in  terminal  velocity.  However, 
the  risk  associated  with  applying  RAKE  technology  to  improve  the 
ATAC  system  performance  beyond  that  which  was  estimated  in  BRL'S 
analysis  is  considered  high,  due  primarily  to  the  accuracy  problems 
mentioned  above. 

The  X-rod  program  is  relatively  new.  It  is  a  120mm  cannon- 
latincdied  KE  round,  rocket  motor  boosted,  and  guided  to  target. 

There  are  two  competitive  contractors  with  different  guidance 
philosophies:  one  has  command  guidance  to  the  target;  the  other  is  a 
(fire-and-forget)  terminal  homing  guidance.  In  this  type  of  system, 
the  development  of  the  guidance  system  to  withstand  the  severe 
setback  forces  and  maintain  corrective  guidance  during  high  flight 
perturbations  are  difficult  problems.  If  a  significant 
technological  advance  is  discovered  during  the  very  early  stages 
(next  five  years)  of  X>rod  development  which  may  be  transferred  to 
the  RAKE,  perhaps  it  will  enhance  the  RAKE  sufficiently  to  upgrade 
its  cap2d>ility  before  the  year  2000.  This  technological  transfer  is 
not  a  likely  expectation  by  that  timeframe. 

The  liquid  propellant  (LP)  gun,  also  known  as  the  high 
performance  liquid  propellant  gun  (HPLPG) ,  program  has  been  with  us 
for  a  long  time.  The  progreua  has  been  judged  by  many  to  have  been 
underfvinded.  Repeatability  was  a  problem  of  the  past,  but  has  been 
resolved.  The  basic  principles  of  the  LP  concept  have  been 
demonstrated  with  125  firings  in  a  155mm  artillery  weapon.  In  a 
recent  rapid  fire  demonstration,  10  rounds  were  fired  in  six  seconds 
in  a  30mm  gun  with  breech  pressures  and  muzzle  velocities  comparable 
to  those  in  the  present  105mm  and  120mm  guns.  More  than  500  rounds 
have  been  shot  in  the  30mm  gun  to  date.  The  program  director  at 
ARDEC  has  high  confidence  that,  if  funded,  a  120mm  LP  tank  gun  could 
be  developed  emd  ready  for  production  by  1997.  This  assessment  is 
considered  optimistic.  Such  a  tank  gun  is  predicted  to  at  least 
equal  the  current  ATAC  muzzle  velocity  requirement.  Comparing  a 
120mm  LP  gun  with  the  ATAC  weapon  system,  the  LP  gun  has  at  least 
six  distinct  advantages;  a)  increased  ammunition  capacity  (raised 
from  <  to  66  md./tank) ,  b)  insensitive  mono-propellant,  c)  can  use 
exists  g  projectiles,  d)  can  be  installed  in  an  ATAC  gun  mount,  e) 
very  compatible  to  auto-load,  and  f)  exceptionally  high  rate  of  fire 
(KE  20/min.,  HEAT  13/min.).  However,  since  application  of  the  155mm 
technology  to  tank  systems  appears  to  be  a  low  intensity  effort,  it 
is  judged  by  this  study  that  a  high  risk  prevails  in  applying  the  LP 
technology  to  ATAC  by  its  fielding  time  frame. 

The  ET  gun  —  still  in  early  R&D  —  departs  from  the 
conventional  method  of  igniting  and  burning  of  solid  propellant  in 
guns,  and  introduces  a  revolutionary  technical  laiinch  concept.  A 
major  difficulty  is  the  development  of  a  suitable  power  supply. 

Also,  high  rate  of  firing  limitations,  repeatability  and  barrel  wear 
must  be  addressed.  On  the  other  hamd,  present  tank  guns  can  most 
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ho  need  witii  the  new  system.  Referring  to  Figure  II“1»  i't 
Avtdent  that  the  ET  gun  could  deliver  much  more  energy  under 
ttrSSssSe!?imf  ^r^?  Snl^ently,  much  higher  muzzle  enew  js 
whiSJId  Sith  a  softer  launch  than  that  of  the  conven^onal  powder 
min  This  performance  is  accomplished  through  an  elertrxeal 

creatine  a  plasma  of  hot,  expanding  gases  (from  solid  or 

^  s?s3iniip!r-whJ^e"ss"»?id“?  .« 

in?Sly|d!^a|re  a„  two  «^sjf^|enerat^ 

in  this  Mthod,  however, 
?S®™^w“ld  biSiS  illS“«?y  and  the  barrel  nay  be  bulky  due  to 
Sle  Sils  The  compeSng  method  is  to  charge  two  rails  of  opposite 
*«d  wiS  verv  high  current  passing  between  the  rails 
KinS^throroi^il^^baS;  artrong ^magnetic  field  is  developed 

to  the  projectile.  In  this  method,  though,  rail 

Scing  Jid  deterioration  is  a  signific^t 

ilinM 

£<25  SSfl^SSoliw  far  «£o.«iing  that  of  any  ?un  heretofore 

is^reasonable  to  expect  this  gun  system  will  take  several  years 
longer  to  develop  than  the  ET  system. 

h^  Tn  addition  to  the  above  five  systems,  some  additional 
t^ohnolciies  Se?e  also  tSen  into  account.  The  following  programs 
mav  have  Dotentiallv  useful  technologies,  but  are  - 

?«K'iK'i'i*od^'for  a  variety  of  reasons  (e.g.  under-funded,  lack  of 
i^ibit  .  ..  reached  a  temporary  impasse,  or  due  to  a  shift 

SliriS:)  Sto«  SeSlogSs  w|re  not  investigated 
dur?n^this**study  due  to  difficulty  in  acquiring  pertinent 

in  the  120mm  tank  gun  increased  the  muzzle  velocity  by  only  a 
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nininal  amount  over  a  typical  conventional  round;  with  optimization, 
the  prediction  is,  perhaps,  a  total  of  10%  increase.  In  addition, 
there  are  several  technical  problems  still  to  be  addressed,  such  as 
the  development  of  a  new  propellant  with  a  bum  rate  which  exceeds 
anything  that  now  exists.  It  appears  that  these  high  technical 
risks  are  excessively  disproportionate  to  the  potential  payoff,  and 
additional  funding  for  continued  work  is  in  doubt. 

Segmented  penetrators  provide  a  theoretical  deeper 
penetration  advantage  over  solid  penetrators  of  the  same  mass  and 
diameter.  There  has  been  difficulty  in  demonstrating  the  added 
penetration  performance  on  a  dependable  basis  for  service  rounds; 
maintaining  alignment  of  the  series  of  segments  idixle  passing 
through  the  target  may  be  the  problem.  It  is  not  anticipated  that 
■the  segmented  penetrator  technology  will  have  an  impact  on  the  three 
primary  systems  (ATAC,  COMVAT  &  KEM)  and  their  companion  ammunition 
cited  above,  within  their  fielding  timeframes. 

c)  An  additional  area  of  developmmt  ^at  could  result  in  a 

boost  in  terminal  performance  is  the  optimization  of  sabot  material 
and  design.  Such  a  gain  can  be  realized  by  reducing  ancillary 
weight;  as  inbore  weight  goes  down,  muzzle  velocity  goes  up.  Weight 
reduction  of  the  sabot  may  be  achieved  in  three  ways;  alternate 
material;  new  configurations;  or  a  combination  of  both.  Within  the 
family  of  sabot  configurations,  there  are  two  different  geometric 
types  used  in  high  performance  tank  KE  ammunition,  the  saddle,  and 
ring  sabots.  U  S  Army  ammxinition  predominantly  uses  double  ramp, 
saddle  seJaots.  The  most  recent  evolution  in  double  ramp,  saddle 
sabot  design  is  with  composite  sabot  material,  %dxich  has 
demonstrated  significant  weight  reduction.  This  type  of  technology 
has  already  been  considered  in  BRL's  performance  analysis,  although 
no  allowance  %ms  made  for  optimizing  sabot  design  for  WA 
penetrators.  ,  .  .  ^  ^  . 

Through  a  DARPA  program,  Battelle  Columbus  Ledsoratories  is 
developing  a  ring  sabot  based  on  a  Soviet  design,  and  expects 
comparably  improved  performance.  Range  ballistic  tests  of  full 
scale  ammunition  with  the  Battelle  ring  sabot  are  ongoing.  .If  the 
test  range  data  shows  significant  performance  improvement,  it  is 
conceivable  that  such  a  design  could  be  applied  to  the  ATAC  and 
subsecruent  ammunition.  In  addition,  optimization  of  sabots 
specifically  designed  for  use  with  improved  WA  penetrator  materials 
(discussed  in  Section  II. 2  below)  could  enhance  system  performance 
beyond  that  considered  in  the  BRL  performance  analysis.  However,  to 
date  there  is  little  data  available  to  either  support  or  refute  this 
idea;  further  design  work  and  testing  are  justified. 

d)  Launch  Technology  Findings: 

(1)  The  launch  technologies  investigated  could  impart 
large  energy  increases  on  target.  If  successfully  applied  to  the 
ATAC  or  COMVAT  weapon  systems,  the  margin  of  overmatch  for  WA 
penetrators  presented  in  the  BRL  performance  analysis  could  be 

i to  a  completely  acceptable  level.  However, 

the  risk  associated  with  these  major  improvements  becoming  available 

for  fielding  during  the  period  1995  •  2000  is  considered  high. 

(2)  Optimization  of  sabot/penetrator  designs  for  WA 
penetrators  warrants  future  development  efforts. 
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2)  Kinetic  Energy  Penetrator  Materials 

This  section  will  address  developments  in  penetrator 
rod  materials  and  assess  the  emerging  technologies  in  this  area. 


In  the  past  several  years,  a  new  emphasis  on  developing 
better  penetrator  rod  material  has  sturf aced  within  the  DOD 
community.  As  a  result,  various  RDTE  programs  are  ongoing  to 
insure  that  improvements  in  the  mechanical  properties  of  depleted 
uranium  (DU)  alloys  can  still  translate  into  enhanced  ballistic 
performance.  The  concerns  with  DU  material  mentioned  in 
Chapter  I  and  discussed  further  in  Chapters  III-VI  below  have 
also  motivated  an  appraisal  of  tungsten  alloy  development  in  the 
industry  and  likewise  fostered  several  DOD  sponsored  programs  to 
devise  means  by  which  tvingsten  could  be  "ballistically'*  improved. 
The  aim  of  these  programs  is  to  demonstrate  the  ability  to 
develop  an  effective  tungsten  alloy  capable  of  ballistically 
performing  as  well  as  the  present  depleted  uranium  alloys. 

This  section  will  report  on  the  present  developmental 
status  of  the  only  two  reliable  kinetic  energy  (KE)  penetrator 
materials,  depleted  uremium  and  tungsten  heavy  alloys.  Although 
other  comparable  hi^h  density  materials  (e«9*f  ®3Cist 

that  can  possibly  serve  as  kinetic  energy  penetrator  materials, 
their  developmental  immaturity  and  high  cost  preclude  their  being 
given  serious  consideration.  However,  in  one  case  -  the 
exploratory  development  of  depleted  uranium/ tungsten  reinforced 
composites  •  there  is  some  interest.  Initially,  DARPA  funded 
programs  focused  on  tiingsten  wire  reinforced  composites.  These 
materials  ballistically  did  not  show  sufficiently  enhanced 
performance  to  justify  their  high  fabrication  costs.  More  recent 
studies  being  undertaken  by  lANL  under  the  DOD/DOE  Munitions 
Program  are  emphasizing  cast  composite  structx^es  that  are  more 
cost  effective.  An  assessment  of  the  ballistic  performance  of 
these  new  materials  must  await  further  process  development  and 
property  characterization. 

An  assessment,  however,  will  be  made  as  to  whether 
presently  maturing  efforts  in  depleted  uranium  and  tungsten 
alloys  would  substantially  change  the  BRL  Performance  Analysis 
discussed  above,  which  evaluates  our  capabilities  to  defeat  the 
target  threats  envisioned  by  the  turn  of  the  centiiry. 
Considerations  are  also  given  to  the  technical  barriers  that  need 
to  be  addressed  to  clarify  our  understzmding  of  penetrator-target 
interactions.  Special  consideration  is  given  to  furthering 
studies  which  would  eventually  allow  reintroducing  tungsten 
alloys  into  the  family  of  large  caliber  kinetic  energy  penetrator 
materials. 
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a)  Present  Materials  Technologies 

This  segment  of  the  report  on  emerging  technologies 
will  discuss  those  state-of-the-practice  materials  considered  to 
be  sufficiently  matured  to  be  readily  incorporated  into  the 
weapon  system  developments  under  discussion  in  the  report. 

Mention  will  also  be  made  of  material  developmental  efforts  of  a 
lonoer  range.  These  longer  range  developments,  if  properly 
nurtured  to  demonstrate  sufficient  promise,  might  make  available 
materials  that  could  be  incorporated  by  the  year  2000  into  these 
weapons  systems  as  product  improvements.  The  ma^or  participants 
in  material  programs  will  be  listed  together  with  the 
technical  approaches  being  studied.  Depleted  uranium  alloys  will 
be  discussed  first,  followed  by  tungsten  alloy  development. 

(1)  Depleted  Uranium  Alloys 

The  first  large  caliber  kinetic  energy  projectile 
fM774-105mm)  that  utilized  a  depleted  uranium  alloy  was 
introduced  into  the  field  in  the  late  1970's.  The  penetrator 
material  was  a  depleted  uranium,  3/4  weight  percent  titani^ 
alloy  conventionally  vacuum  cast,  heat  treated  and  precipitation 
strengthened  (aged)  to  give  the  desired  mechanical  properties. 

This  alloy  has  been  the  mainstay  for  all  present  large  caliber 
anti-tank  kinetic  energy  penetrator  rounds  (e.g.,  M829-120mm, 
M833-105mm)  and  for  the  follow-on  developmental  rounds  in  the 
105mm  and  120mm  systems.  Maturing  material  development  programs 
all  have  as  a  basis  this  standard  cast  binary  alloy.  Program 
approaches  differ  in  either  the  addition  of  a  ternary  element  (to 
enhance  mechanical  strength  by  a  solid  solution  strength^ing 
mechanism)  or  in  developing  thermo-mechanical  working  schemes  to 
impart  additional  strengths  to  the  DU  alloy.  Table  II-2  lists 
the  current  DU  programs,  the  program  participants  and  the 
technical  approaches  under  study.  The  approaches  in  parentheses 
are  the  long  term  efforts.  These  programs  are  not  expected  to  be 
sufficiently  mature  by  to  be  confidently  considered  for 
transition  into  the  KE  weapon  systems  under  consideration  in  this 
study.  Figure  II-2  shows  the  progressive  mechanical  property 
improvements  being  made  by  these  development  programs  compared  to 
the  standard  D  -  3/4  Ti  alloy.  The  new  ternary  element  additions 
impart  additional  strengths  by  a  solid  solution  strengthening 
mechemism.  The  special  mechanical  working  and  textiired  schemes 
impart  added  strength  to  the  standard  alloy  by  unique  deformation 
strengthening  mechanisms.  Since  all  these  strengthening 
mechanisms  have  additive  qualities,  it  is  expected  that  giving 
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FIG.II-2  DU  ALLOY  MECHANICAL  PROPERTIES 


>■ 

fC 

< 


DC 

111 


>- 

s 

oc 

< 


o 

111 

oc 

I- 

X 

Ul 

K 


X 

OC 

o 


CO 

I 

O 

o 

CO 


o 

UJ 

2 

IL 

CO 


1 1- 10 


the  new  ternary  alloys  these  special  mechanical  working 
treatments  would  result  in  the  following  mechanical  properties 
for  a  DU  alloy  (density  range  of  18.4  -  18.6  g/cc) ; 

300  ksi  Comprehensive  Yield  strength 
250  ksi  Ultimate  Tensile  Strength 
175  ksi  Tensile  Yield  Strength 
45-50  Rockwell  C  Hardness 


These  mechanical  properties  are  substantial 
improvements  over  the  standard  U  -  3/4  Ti  alloy  and  can  be 
ejected  to  conservatively  provide  a  3%  to  7%  improvement  xn 
terminal  ballistic  performance  for  RHA  penetration  (zero 
obliquity) .  Similar  penetration  gains  against  advanced  reactive 
and  complex  armors  are  yet  to  be  projected. 

Longer  term  programs  (e.g.,  composites,  RST/DU) 
that  aim  to  effectively  challenge  new  advanced  araor  designs  are 
underway  to  further  bolster  mechanical  property  improvements  in 
DU  alloys.  To  date,  only  fragmentary  and  inconclusive  mechanical 
property  and/or  small  scale  ballistic  data  are  available  from 
these  progreuns  to  assess  their  long  term  potential. 


(2)  Tungsten  Alloys 

With  the  introduction  of  the  first  lage  caliber^ 
depleted  uranium  kinetic  energy  penetrator  (i.e.,  loanm  M774)  in 
tixe  late  1970^8  and  the  production  phase-out  of  the  last  txingsten 
KE  penetrator  rod  (i.e. ,  105mm  M735) ,  further  R&D  work 
t^lnosten  material  was  markedly  reduced.  This  occured  not  oDly  at 
Army  laboratories  but  also  at  the  three  principal  tungsten  alloy 
developers  in  the  United  States  (i.e.,  GTE,  Kennametal,  Teledyne 
Firth  Sterling) .  This  remained  the  situation  for  several  years 
mjtil  1986  when  Army  interest  in  tungsten  alloys  was  renewed. 

With  new  materials  processing  technologies  being  developed 
throughout  the  metallurgical  industry  for  improving  a  broad 
spectrum  of  both  ferrous  2md  non-ferrous  alloys,  the  exploitation 
of  these  new  technologies  for  tungsten  was  considered  a  promising 
approach  to  further  improve  tungsten  alloys.  An  Office  of 
Munitions,  OSD/ARDEC  Tungsten  Initiative  program  was  developed  to 
re-examine  tungsten  alloys.  At  the  September  1986  Tungsten 
Ordnance  Technology  Seminar  sponsored  by  the  Refractory  Metals 
Association  (RMA) ,  an  overview  of  the  tungsten  initiative  program 
was  presented  to  industry.  Table  II-3  outlines  the  objectives 
and  approaches  of  the  program.  A  complementary  BRL/LABCOM-RMA 
program  was  also  established  to  address  acquiring  a  ballistic 
data  base  on  state— of— the— practice  tungsten  alloys  available  from 
the  industry. 


II-ll 


Table  Il-a  TUNGSTEN  INITIATIVE  PROGR^ 
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To  date,  the  maturing  timgsten  heavy  alloys  being 
developedd  from  the  various  programs  are  all  based  on  liquid 
phase  sintered  (LPS)  blended  metal  powders.  The  exception  being 
the  tungsten  filaments  under  development  for  aerospace  and  SDI 
applications.  Table  II-4  lists  the  current  programs,  the 
participants  and  the  technical  approaches  under  study.  The 
approaches  in  parentheses  are  exploratory  in  nature.  Since  these 
proiects  rely  upon  a  very  limited  industrial  base,  they  are  not 
expected  to  fully  mature  before  the  year  2000  unless  given  a  more 
focused  effort.  Whether  such  a  focused  effort  will  be 
forthcoming  will  depend  upon  efforts  now  underway  to 
jjailistically  assess  the  newer  tiingsten  alloys  developed  \inder 
the  more  mature  progreuns.  If  these  new  alloys  prove  to  be 
ballistically  deficient,  a  decision  to  implement  the 
recommendations  of  the  Army's  1989  Tungsten  Coordination 
Committee  to  establish  such  a  focused  effort  would  be 
recommended . 


Figure  II-3  shows  the  progressive  mechanical  property 
improvements  achieved  over  the  industrial  standard  swaged  90  ^ 
weight  percent  tungsten  alloy.  Table  II-5  further  characterizes 
the  compositions  and  processing  conditions  of  these 
representative  alloys.  Classified  mechanical  property  data  on 
the  DARPA  sponsored  tungsten  alloy  development  program  tmdertalcen 
at  Battelle  Columbus  show  that  these  materials  have  similar 
mechanical  strength  properties  to  the  93  WHA  (TMP)  alloy  but 
hiaher  toughness  values.  A  comparison  of  the  mechanical 
properties  of  tungsten  (Figure  II-3)  with  depleted  urani^  alloys 
(Figure  II-2)  shows  that  the  properties  of  the  93%  tungsten 
material  have  substantially  improved  and  compare  favorably  with 
the  DU  alloys.  Regardless  of  having  achieved  somewhat  comparable 
mechanical  properties,  the  classified  data  on  terainal  ballistic 
performance  of  DU  and  tungsten  show,  however,  a  decided  material 
performance  gap  in  favor  of  DU.  Regardless  of  the  density 
differences  between  the  penetrator  alloys,  recent  findings  at  BRL 
appear  to  indicate  that  DU  possesses  specific  thermomechanical 
properties  which  impart  to  it  unique  high  strain  rate  deformation 
failure  modes  that  give  it  a  major  advantage  in  RHA  penetration. 

A  discussion  of  the  ballistic  performance  of  these  materials  is 
provided  next. 
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Table  ll-»4  TUNGSTEM  ALLOY  DEVEIOPMENTAL  PROGRAMS 
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FIG.II-3  TUNGSTEN  ALLOY 
MECHANICAL  PROPERTIES 
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(3)  Ballistic  Performance 

With  regard  to  the  issue  of  rod  material  preference 
based  upon  ballistic  performanace,  ttere  are  two  schools  of 
thought*  One  school  emphasizes  basic  terminal  ballistic  armor 
penetration,  normalized  to  the  maximum  degree  possible,  so  as  to 
define  inherent  material  performance  differences.  Using  this 
concept,  a  data  base  is  established  against  a  variety  of  armor 
designs  to  show  consistent  material  behavior.  In  these  tests, 
correlations  are  sought  between  ballistic  performance  and  rod 
material  properties  to  provide  predicative  capabilities.  Further 
terminal  ballistic  improvements  are  obtained  by  judicious 
processing  of  the  rod  material  in  order  to  maximize  these 
critical  material  properties. 

The  other  ballistic  performance  school  commits  to  a 
specific  rod  material  and  thereby  concentrates  on  overall  system 
requirements  and  designs  that  are  compatible  with  the  chosen  rod 
material.  The  specific  penetration  capabilities  of  the  chosen 
rod  material  would  be  enhanced  by  design  aspects  that  take 
advantage  of  the  most  attractive  properties  of  the  material.  The 
goal  is  to  lessen  projectile  parasitic  weight  and  thereby  achieve 
either  sufficient  iaqpact  velocity  or  deliver  higher  penetrator 
mass  to  overmatch  the  armor  target. 


Evidence  of  a  terminal  ballistic  performance  gap 
between  depleted  uranium  smd  tungsten  is  accumulating  from  full 
scale  ballistic  data  generated  at  BRL.  The  rod  materials  are  the 
standard  DD-3/4  Ti  alloy  and  a  93%  W  tungsten  alloy  (93  WA/SW)  of 
comparable  mechanical  properties.  The  unclassified  Table  II-6 
shows  that  for  various  rod  configurations  against  a  variety  of 
targets,  the  depleted  uranium  consistently  outperformed  a 
tungsten  rod  in  achieving  a  lower  ballistic  limiting  velocity. 


Recent  full  scale  classified  ballistic  testing  of 
advanced  tungsten  alloys  (i.e.  93  WA(MW))  shows  no  closure  of 
this  performance  gap.  Data  from  these  tests,  in  which  all 
penetrators  were  machined  to  the  120MM  M829E2  configuration,  show 
toe  significant  gap  in  limit  velocities  between  toe  two  materials 
is  larger  for  toe  advanced  armor  tested  than  it  was  for  RHA 
armor.  Since  new  tungsten  alloys  presently  undergoing 
development  have  somewhat  toe  'seuae  basic  microstructure  as  those 
tested,  they  are  not  expected  to  eliminate  toe  terminal  ballistic 
pgj»formance  gap  between  advanced  forms  of  these  two  penetrator 
rod  materials.  However,  toesed  new  tungsten  alloys,  of 
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themselves,  may  achieve  a  sufficiently  lowered  ballistic  limit 
^locity  to  make  them  amenable  to  a  focused  system  design 
approach  capable  of  overmatching  the  pro3ected  armor  threats. 

These  conclusions  are  based  on  the  very  limited  amount 
nf  ballistic  evaluations  that  have  been  done  to  date.  The 
iJproiea  mechanioal  properties  already  d^nstra^  for  new 
Smgsten  alloys  is  encouraging  and  justifies  continued  efforts  to 
exploit  the  system  design  options  they  offer.  More  e^ensiye 
tSminal  ballistic  testing  for  these  newer  tungsten  alloys  is 
pSently  underway  and  should  shortly  resolve  future  directions 
in  tungsten  alloy  development. 

b)  Future  Material  considerations 

The  tungsten  alloy  material  studies  presently  maturing 
are  not  expected  to  result  in  closure  of  the  terminal  ballistic 
performance  gap  between  depleted  uranium  and  tungsten.  ,  4.  ^ 
Imorovements^in  the  critical  mechanical  properties  for  depleted 
uranium  resulting  from  experimental  ternary  DU  alloys  receiving 
OTecial  mechanical  working  are  expected  to  keep  depleted  uranium 
allovs  in  a  commanding  terminal  ballistic  lead.  The  ongoing 
tungsten  programs,  however,  are  expected  to  substantially  improve 
the^mechaSilal  properties  of  these  alloys  above  the  materials 
Soduced  a  decade  ago  and  thereby  provide  somewhat  enhanced 
ballistic  velocity  limits  (1-3%) .  However,  innovative  and 
optimized  tungsten  alloy/sabot  assembly  ‘^®f^9ns  would  be 
to  allow  these  tungsten  materials  to  re-enter  toe  family  of  larg 
caliber  anti-tank  rounds  as  strong  contenders  to  the  presently 
ongoing  armeunent  enhancement  initiative  for  DU  rounds. 

ttith  regard  to  encouraging  further  tungsten  material 
efforts  aimed  at  closure  of  this  terminal  ballistiic  performance 
SS?  a  ballistic  enhancement  initiative  effort  for  tungsten 
onmnarable  to  a  similar  effort  on  DU  would  be  needed.  Such  a 
tungsten  program  would  have  a  long  term  strategy  and  be  focused 
mainly  in  toe  basic  research  and  exploratory  development  areas. 
The  program  would  incorporate  recommendations  of  toe  . 

Tungst^Coordination  Committee  (summarized  in  paragraph  2  below) 
and  earlier  progreun  proposals  to  Di^RPA  aimed  at  a  leap 
approach  for  tungsten  technology.  Being  long  term,  it  will  nee 
to^consider  assessing  tungsten  against  advanced  ceramic  and 
reactive  armors  as  well  as  hypervelocity  delivery  systems. 

In  summary,  toe  new  tungsten  alloys  being  developed  are 
not  exoected  to  markedly  effect  toe  conclusions  of  toe  BRL 
oerforaance  analysis  by  the  year  2000.  A  depleted  ^anium  alloy 
rod  will  continue  to  be  toe  mainstay  for  large  caliber  systems 
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from  a  ballistic  performance  standpoint.  In  medium  caliber 
systems,  ongoing  improvements  in  tungsten  are  es^ected  to  keep 
this  material  a  viable  contender.  Current  Army  and  DARPA 
programs  aimed  at  improving  tungsten  alloy  penetrator  performance 
have  shown  some  promise,  and  should  continue  to  be  supported. 

2.  Recommended  Technology  Development 

a.  Penetrator  Rod  Materials 

Presently,  the  terminal  ballistic  advantage  lies  with 
depleted  uranivnn  alloys,  not  only  with  respect  to  their  superior 
terminal  ballistic  performance,  but  also  with  our  being  aware  of 
the  critical  thermo-mechanical  properties  that  need  to  be 
improved  to  sustain  their  superior  ballistic  performance. 
Consequently,  ongoing  RDT&E  programs  advancing  DO  metallurgy  are 
expected  to  introduce  new  alloy  compositions  and  processing  for 
rod  materials  that  should  exhibit  a  3%  to  7%  improvement  in 
»oTTii<Tiai  ballistic  performance  over  the  standard  DD  alloy. 

A  similar  optimistic  outlook  cannot  be  presently  made  for 
tungsten  alloy  development.  Although  major  strides  have  been 
made  in  bringing  the  mechzmical  properties  of  adv2uiced  tungsten 
alloys  up  to  a  comparable  level  with  DC  alloys,  the  penetration/ 
erosion  mode  for  tungsten  appears  to  be  distinctly  deficient  so 
as  to  place  it  at  a  disadvantage  with  respect  to  DU  alloys.  A 
more  fundamental  look  at  penetrator/target  interactions  for 
tungsten  is  therefore  necessary  so  as  to  clarify  where 
appropriate  engineering  of  the  material  C2m  provide  a  beneficial 
ballistic  failure  mode  to  override  its  present  teinainal  ballistic 
performance  shortfall. 

There  are  existing  Army  and  DARPA  programs  aimed  at 
improving  tungsten  alloy  penetrator  performance.  The  Army  should 
continue  to  suppoirt  such  programs,  since  they  may  eventually 
permit  the  use  of  tiingsten  alloys  as  a  viable  alternative  to  DU 
for  large  caliber  gun  systems.  The  motivation  to  continue  to 
pursue  work  in  tungsten  comes  from  the  fact  that  elemental 
tungsten  has  a  1%  higher  density  them  elemental  depleted  uranivim 
and  thus  offers  the  potential  of  becoming  a  formidable  kinetic 
energy  penetrator  material. 

If  tungsten  alloys  were  to  be  adjudged  the  only  acceptcible 
future  KE  penetrator  material  to  be  utilized  in  our  arsenal  of 
anti-armor  weapon  systems,  a  ballistic  enhancement  initiative  for 
tungsten  (BEIT)  program  would  be  required.  Such  a  program  would 
incorporate  the  recommendations  of  the  1989  Tungsten  Coordination 
Committee  in  pursuing  studies  in  the  following  areas: 
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1)  Stiudy  tiie  aechanisin  of  penetrator  failuire  foir 
various  armor  targets  * 

2)  Develop  a  process  to  microstructurally  engineer 
tungsten  alloys  to  exhibit  appropriate  beneficial  ballistic 
failure  modes. 


3)  Develop  a  high  strain  rate  property  data  base. 

4)  Develop  appropriate  compatible  sabot  material/ 
design  for  tungsten  rods. 

5)  Develop  higher  density  tungsten  alloys. 

The  program  envisioned  would  undertake  several  fundamental 
approaches  aimed  at  elucidating  what  microstructural  failure 
modes  are  critical  during  ballistic  impact  and  penetration. 
undSlying  ability  to  develop  new  tungsten  alloy  compositions  and 
miSStructures  by  utilizing  new  processing  technologies  would  be 
of  paramount  importance  in  providing  the  materials  needed  to 
induce  these  beneficial  ballistic  failure  modes.  Figure 
estimates  the  cost  involved  in  undertaking  such  a  broad  spectrum 
program  for  tungsten. 

This  broad  spectrum  program  (approximately  $7 4M/ 10  years)  is 
very  comprehensive  and  low  risk.  It  encompasses  not  only  the 
Army's  1989  Tungsten  Coordination  Committee's  (TCC)  funding 
recommendation  in  the  limited  6.1/6. 2  area  aimed  at  enhancing 
liquid  phase  sintered  materials,  but  also  considers  emerging  new 
te^olSgies  that  are  still  in  toeir  infancy,  ^ese  technologies 
(e.g.,  RST/tungsten,  oriented  single  crystal  rod)  retire 
extensive  maturing  since  there  is  currently  no  industrial  base 
available  to  produce  sufficient  materials  via  these  technologies. 
^  bridged  version  of  this  focused  program  ($30M/10  years)  would 
be  more  high  risk  but  would  still  have  as  its  basis  the 
recommendations  of  the  TCC,  coupled  with  a  minimal  6. 3^. 4  effort 
to  develop  promising  sintered  material  into  an  ATAC  cartridge. 
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FIG.II-4  BALLISTIC  ENHANCEMENT 
INITIATIVE  FOR  TUNGSTEN 
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CHAPTER  III 
INDUSTRIAL  BASE  CONSIDERATIONS 
for  the 

KE  Penetrator  Long  Tern  Strategy  Study 


1.  INTRODOCnON 

The  industrial  base  section  of  this  report  addresses  five 
nrimary  areas:  penetrator  quantity  requirements  for  the  years 
1990-2000;  material  availzdaility;  material  quantity  requirements 
for  the  years  1990-2000;  manufacturing  facility  requirements;  and 
productibn  cost  comparisons.  Peacetime  and  mobilization 
reouirements  are  addressed  in  terms  of  both  material  quantity 
requirements  and  penetrator  manufacturing  facility  retirements. 
The  use  of  either  depleted  uranium  or  ttingsten  alloy  has  been 
SnsiXrei  iSr  the  purposes  of  this  study,  , only  stete-of-art 
processes  for  each  material  were  evaluated,  i.e.,  proTOSses 
currently  being  employed  by  each  industry  for  pt®trator 
manufacture  on  a  production  basis.  For  depleted  uranium,  the 
current  alloy  is  uranium,  3/4  percent  titanium;  and  for  tungsten 
alloy,  a  93  percent  tungsten,  7  percent  iron-nickel  alloy  formed 
the  basis  for  the  study. 

Material  availability,  capacity,  quantity  and  facilip/ 
stockpile  costs  are  addressed  for  UFg,  UF^,  uranium  metal  (derby) 

and  cast  metal  in  the  case  of  depleted  uranium  and  for  tungsten 
concentrate,  ammonium  paratungstate  (APT)  and  tungsten  powder  in 
the  case  of  tungsten  alloy. 

The  penetrator  manufacturing  facility  cost  analysis  picks  up 
where  thb  material  analysis  leaves  off.  For  depleted  uranium, 
this  means  the  first  operation  considered  in  the  facility 
analvsis  was  rolling  or  extrusion  of  rod.  For  tungsten  alloy, 
SS  f iSt  o^Stlon  in  the  facility  analysis  was  blending  of 
tungsten  2md  alloy  powders.  A  three  shifts,  eight  hours 
shift  five  days  per  week  (3-8-5)  schedule  (500  hrs  per  month) 
was  used  throughout  this  study  unless  otherwise  noted. 

For  those  individuals  reading  this  report  who  might  not  be 
knowledgeable  concerning  the  manufacture  of  penetrators. 
Attachment  A,  located  at  the  end  of  this  chapter,  provides  a 
brief  description  of  the  process  sequences  for  each  material. 
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The  "Report.  t.o  the  Congress  on  National  Defense  Stockpile 
Reguirements  1989"  by  the  Secretary  of  Defense  is  referenced 
throughout  this  report  with  respect  to  stockpiling  of  tungsten. 
The  methodology  used  in  the  above  report  with  respect  to  mobili¬ 
zation  (MOB)  assumptions  includes  a  one— year  warning  period  prior 
to  a  three  war  year  scenario.  This  methodology  has  been  carried 
forward  throughout  this  report.  It  should  be  noted  that  if  the 
warning  year  is  deleted,  additional  stockpile  requirements  for 
either  depleted  uranium  or  tungsten  materials  will  result. 

2.  QUANTITT  REQUIREMENTS  ANALYSIS 


The  objective  of  this  portion  of  the  study  was  to  identify 
the  long  range  Government  program  requirements  for  the  use  of 
depleted  uranium  (DU)  metal  and  tungsten  alloy  (WA)  for  the 
period  of  FY90  -  FYaOOO.  The  major  items  that  utilize  these 

materials  are: 

MK-149-2,  20ram  (Phalanx) 

PGU-20,  25mm  (GAU-12) 

M919,  25mm 

PGU-14A/B,  30mm  (GAU-8) 

COMVAT 

105/120  Tank  Ammunition 
XM900E1 
XM872 
M829A1 
M829E2 


ATAC 

KEM 

ARMOR  -  DOD  Special  Billets 


a. 


Peacetime  Requir«nents 


The  office  responsible  for  each  program  supplied  the 
annual  peacetime  requirements  data,  ^ 

Phalanx,  GAU-12,  and  M919,  which  were  taken  from  ^^® 

Conventional  Ammunition  Procurement  Plan  (ICAPP)  dated  15  Sep  89. 

The  annual  peacetime  requirements  for  each  program  for 
FY90-FY2000  are  classified  and  are  not  included  in  ^is  report. 
The  quantities  listed  are  yearly  quantities  for  deliverable 
penetrators  except  in  the  case  of  the  DOD  Special  Billet  program 
which  is  listed  in  thousands  of  pounds  deliverable  DU  ingot  per 
year. 

The  requirements  utilized  represent  the  DOD  programs 
that  currently  use  depleted  uranium  metal  or  tungsten  alloy  and 
the  programs  that  have  the  potential  for  use  of  these  materials 
in  the  future.  Of  the  ammunition  now  in  production,  only  tne 
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Kaw  20n!m  Phalanx  utilized  WA.  All  other  ammunition  items  listed 
utilize  DO.  This  holds  true  for  the  DOD  special  billet  program 
which  utilizes  scrap  DU.  For  the  purposes  of  this  study,  the 
M919.  which  is  currently  a  DU  penetrator,  was  also  considered  as 
a  Dotential  user  of  tungsten.  For  the  future  weapon  systems  in 
development  (the  COMVAT,  ATAC  and  KEM  systems)  both  DU  and  WA 
alternatives  will  be  investigated.  The  material  requirements  for 
DU  and  WA  in  Shaped  Charge  Liner  and  Explosively  Formed  _ 

Penetrator  manufacture  were  assumed  insignificant  and  were  not 
considered  in  the  industrial  base  analysis.  The  same  assumption 
was  made  for  DU  commercial  applications.  Several  DOE  identified 
program  requirements  were  considered,  but  only  from  the  ^int  of 
view  of  whether  the  private  sector  pU  manufacturers  could  provide 
material  to  these  programs  with  their  excess  capacity. 

b.  Mobilization  Requirements 

Mobilization  quantities  represent  the  total  DOD 
requirement  for  conventional  ammunition  and  the  Special  Billet 
Program  in  the  event  of  a  national  emergency  or  while  under 
wartime  conditions.  The  mobilization  quantities  used  represent 
the  FY90  mobilization  requirements  and  are  based  on  data 
generated  from  the  Production  Base  Plan  (PBP),  dated  November 
1988.  The  Production  Base  Plan  established  mobilization 
quantities  for  existing  ammunition.  Items  that  are  in 
development  do  not  appear  in  the  current  PBP.  Based  on  the 
mobilization  quantities  of  the  existing  ammunition,  the  following 
assumptions  were  used  for  the  long  term  industrial  base  analysis: 

(1)  The  mobilization  quantities  for  the  GAU-8  were 
taken  frcMn  the  DOE/DOD  Strategic  Study  of  U.S.  Government 
Depleted  Uranium  Requirements  dated  03  Apr  89. 

(2)  The  M919  will  replace  the  M791  in  the  FY90 
timeframe.  The  estimated  mobilization  quantities  will  be 
equivalent  to  those  of  the  M791. 

(3)  The  COMVAT  system  will  replace  the  M919  in  the  FY96 
tiaefrrae.  'Bie  stowed  losd  capacity  of  the  COMVAT  system  is  less 
than  that  of  the  current  M919.  Based  on  this,  a  reduced 
mobilization  requirement  was  used. 

(4)  For  the  current  105mm  weapon  system,  the  quantities 
listed  are  for  the  M833.  In  the  FY89  timeframe  the  XM900E1  will 
replace  the  M833.  The  XM872  Mixll  subsequently  replace  the 
XM900E1.  The  mobilization  quantities  used  will  be  the  same  as 
those  of  the  current  M833. 
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(5)  For  the  current  120iitm  weapon  system  the  quantities 
listed  are  for  the  M829.  In  the  FY88  timeframe  M829A1  replaced 
the  M829.  The  M829E2  will  subsequently  replace  the  M829A1.  The 
mobilization  quantities  are  expected  to  be  equal  to  the  M829 
quantities. 

The  mobilization  quantities  for  the  105/120mm  weapon 
systems  appear  reasonable  for  the  immediate  future.  However, 
during  the  FY90  -  Fy2000  timefraune,  the  requirements  for  the 
105mm  ammunition  should  decrease- as  the  105mm  tanks  are  phased 
out  and  the  number  of  120mm  tanks  currently  available  are 
increased  proportionately.  By  the  FY2000  timeframe,  the  ratio  of 
(105mm  Tanks/120inm  Tanks)  could  be  as  low  as  1/1.  It  is  now 
approximately  a  3/1  ratio.  This  trend  is  also  anticipated  of  the 
future  Block  III  Tanks  expected  in  the  late  nineties  timeframe. 
This  future  system  would  eventually  replace  both  the  105mm  and 
120mm  weapon  systems. 


3.  MATERIAL  AVAILABILITY 


a.  Tungsten  Availability  Considerations 

(1)  World  Reserves 

Tungsten  is  found  and  produced  on  nearly  all  continents, 
and  ranks  26th,  just  behind  copper,  in  its  abundance  in  the 
earth's  crust.  (1)  The  world  reserve  base  for  tungsten  by 
country  is  shown  in  Table  III-l.  (2)  Approximately  80  percent  of 
the  world's  estimated  tungsten  resources  are  located  outside 
North  America,  with  about  55  percent  located  in  China  and 
U.S.S.R.  The  reserve  base  is  defined  by  the  U.S.  Bureau  of  Mines 
as  demonstrated  resources  that  are,  or  are  presumed  to  be, 
technically  and  economically  recoverable  in  the  foreseeable 
future.  (3)  At  the  world  mine  production  rate  of  41,130  metric 
tons  (MT)  in  1988,  the  reserve  base  would  provide  tungsten  for  86 
years  with  no  additions  to  the  reserve  base.  The  reserve  base 
is,  of  course,  a  fluid  number  that  can  be  expected  to  increase  in 
the  near  term  as  new  deposits  are  found. 

(2)  Concentrate  Production 

Tungsten  minerals  once  removed  from  the  earth  require 
careful  processing  in  order  to  obtain  acceptable  recoveries. 
General  processing  includes  crushing  and  grinding  followed  by 
gravity  and/or  flotation  to  produce  a  concen^ate.  It  is  this 
concentrate  that  becomes  the  commodity  that  is  marketed  for 
further  processing  into  tungsten  products. 
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Table  III-l 

WORLD  RESERVE  BASE  FOR  TUNGSTEN 
(MT  Contained  Tungsten) 


Country 

Rf<;frvfBas£ 

PpprpMTARF  OF  Total 

United  States 

210,000 

6 

Australia 

150,000 

4 

Austria 

20,000 

.5 

Bolivia 

110,000 

3 

Brazil 

20,000 

.5 

Burma 

3<l,000 

1 

Canada 

<193,000 

14 

France 

20,000 

.5 

Korea/  Republic  of 

77,000 

2 

Portugal 

26,000 

1 

Thailand 

30,000 

1 

Other  Market  Economy 

Countries 

290,000 

8 

China 

1,560,000 

44 

U.S.S.R. 

<100,000 

11 

Other  Centrally  Planned 

Economies 

105.000 

3 

World  Total 

3,545.000 
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Figure  III-l  shows  the  distribution  of  concentrate 
production  by  country  for  1988.  China  is  by  far  the  largest 
producer  with  49  percent.  Russia  is  second  with  21  percent  of 
production.  The  United  States  produced  only  230  MT  in  1988. 

This  production  came  from  the  only  mine  currently  operating  in 
North  America,  the  Pine  Creek  mine  in  Bishop,  California. 

The  market  price  for  tungsten  concentrate  is  currently 
at  a  level  where  most  Western  World  mines  can  not  afford  to 
operate.  The  principal  reason  for  the  drop  in  Western  World  mine 
production  is  the  low  prices  which  result  from  the  significant 
increase  in  tungsten  concentrate  in5>orts  from  China.  (4)  This 
started  in  1980  and  has  rapidly  increased.  Figure  III-2  shows 
the  average  price  per  pound  of  contained  tungsten  in  concentrate 
form  since  1980. 

Figure  III-3  shows  the  distribution  of  tungsten 
concentrate  consumers  by  country  for  1988.  Russia  consvimed 
16,000  MT  or  35  percent  of  total  consumption.  The  United  States 
was  the  second  largest  consumer  at  7 , 384  MT  or  16  percent  of 
total  consumption. 

Figure  III-'4  shows  world  concentrate  consvunption  by  year 
since  1980.  During  this  period  of  time  there  has  been  a  trend 
toward  decreased  consumption.  The  exact  reason  for  this 
decreased  consumption  is  uncertain;  however,  the  U.S.  Bureau  of 
Mines  has  made  the  following  observations:  (2) 

"Advancements  in  carbide  and  oxide-coatings  technology 
have  improved  the  cutting  and  wear  resistance  of  cemented  carbide 
tool  inserts.  Coatings  are  estimated  to  be  used  on  30-35  percent 
of  the  inserts.  The  extended  wear  capability  of  the  inserts 
decreases  the  replacement  rate  and,  hence,  the  growth  of  tungsten 
constimption.  Gradual  increases  in  the  substitution  for  cemented 
tungsten  carbide  base  products  and  titanium  carbide  base  cutting 
tools,  by  ceramic  cutting  tools  and  wear  parts,  and  by  poly-^ 
crystalline  diamond  have  also  occurred.  Since  tungsten  carbide 
represents  the  majority  of  tungsten  consvunption,  at  least  in  the 
United  States,  substitutions  for  tungsten  carbide  may  in  fact  be 
the  reason  for  reduced  %rarld  tungsten  consumption." 

Components  of  U.S.  concentrate  supply  during  the  period 
1980  to  1988  are  shown  in  Figure  III-5.  During  this  period  the 
reliance  on  imports  has  increased  as  a  percentage  of  yearly 
supply.  U.S.  mine  shipments  have  decreased  to  less  than  2 
percent  of  supply  in  1988.  Shipments  from  the  stockpile  have 
remained  a  small  but  fairly  constant  source  of  supply  during  this 
time  period.  Shiianents  frcmn  the  stockpile  can  be  expected  to 
decrease  to  zero  in  future  years  as  a  result  of  the  "Report  to 
the  Congress  on  National  Defense  Stockpile  Requirements 
1989".  (5)  This  report  recommends  that  stockpile  requirements 
for  tungsten  be  increased  from  50,666,000  lbs.  to  70,900,000  lbs. 
The  current  stockpile  inventory  is  71,809,018  lbs.  resulting  in 
an  excess  of  only  909,018  lbs. 
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Tungsten  Concentrate  Producers 

1988 

METRIC  TONS,  COUNTRIES  >1000  MT 
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Price  History  Of 
Tungsten  Concentrate 

DOLLARS  PER  POUND  OF  CONTAINED  TUNGSTEN 


1976  1777  1978  1979 


Tungsten  Concentrate  Consumers 

1988 

METRIC  TONS;  COUNTRIES  >1000  MT 
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World  Concentrate  Production 

By  year 

METRIC  TONS  OF  TUNGSTEN  CONTENT 
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YEAR 


Components  of  U.S.  Tungsten  Supply 

1980  to  1988 


As  shovm  in  Figure  III-5,  the  use  of  scrap  represents  a 
significant  percentage  of  total  concentrate  consumption  which  has 
the  benefit  of  conserving  natural  resources.  Currently  the  main 
source  of  scrap  is  carbide  cutting  tools;  however,  the  recycle 
percentage  is  quite  low.  In  the  event  of  mobilization,  usage  of 
cutting  tools  would  increase  significantly.  At  that  time  a 
requirement  for  recycling  could  be  imposed  which  could  go  a  long 
way  in  satisfying  tungsten  concentrate  demand.  The  Refractory 
Metals  Association  has  estimated  that  if  the  situation  warranted 
it,  scrap  could  supply  50-60%  of  the  feed  into  an  APT  plant,  it 
should  be  noted  that  all  scrap  generated  in  production  of 
penetrators  could  and  would  be  recycled. 

(3)  Peacetime  Outlook  for  Supply  of  Concentrate 

The  only  potential  problem  that  can  be  foreseen  in  the 
supply  of  tungsten  concentrate  for  peacetime  usage  is  the  current 
heavy  reliance  on  imports  from  China.  In  1988  approximately  50 
percent  of  O.S.  tungsten  concentrate  imports  came  from  China. 
Barring  any  cutbacks  in  imports  from  China,  the  increased  demand 
that  would  result  from  making  all  U.S.  penetrators  from  tungsten 
could  be  expected  to  be  met  by  increased  imports.  Cutbacks  on 
imports  from  China  could  result  in  short  term  shortages  until 
other  sources  of  supply  ccxne  into  being.  Any  such  short  term 
shortages  would  have  to  be  met  by  releases  from  the  stockpile. 

(4)  Mobilization  Outlook  for  Supply  of  Concentrate 

The  mobilization  picture  for  supply  of  concentrate  is  a 
much  more  difficult  issue  to  address.  In  a  mobilization  scenario 
the  supply  of  imports  can  be  expected  to  be  severely  restricted, 
particularly  when  one  considers  that  over  50  ^rcent  of  U.S. 
imports  come  from  mainl2und  China.  This  restriction  on  imports 
makes  it  necessary  to  consider  the  U.S.  mine  capacity  for 
production  of  concentrate  in  an  emergency  situation.  Fortunately 
the  U.S.  Bureau  of  Mines  has  made  such  an  assessment  which  was 
used  in  establishing  stockpile  requirements  for  tungsten, 
contained  in  the  "Report  to  the  Congress  on  National  Defense 
Stockpile  Requirements  1989".  (5)  Likewise,  the  State  Department 
has  done  a  risk  assessment  concerning  imports,  emd  they  have 
estimated  the  import  quantities  that  could  be  expected  during  a 
mobilization  period.  These  estimates  are  also  contained  in  the 
above  report.  Table  III-2  provides  a  tabulation  of  all  tungsten 
concentrate  sources  and  estimated  quantities  that  could  be 
obtained  during  the  mobilization  period.  The  Institute  for 
Defense  Analysis  (IDA),  who  do  the  modeling  studies  used  to 
establish  stockpile  requirements,  %rais  asked  to  assess  the 
tungsten  requirements  for  ammunition  that  went  into  establishment 
of  current  military  tungsten  stockpile  requirements.  What  they 
found  was  that  out  of  an  ammunition  requirement  totaling  $63 
billion  during  the  four  year  planning  period,  there  was  only 
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Table  I I 1-2 

tungsten  concentrate  sources  during  mobilization  period 

(HT  Tungsten  Content) 


Warning 

WAR 

WAR 

WAR 

Year— 

Year-I 

YeabJ 

U.S.  Current  Facilities  (1) 

2,721 

2,993 

3,719 

4,082 

Re-opened  U.S.  Facilities  (2) 

2,540 

3,991 

4,127 

4,172 

Imports  (3) 

4,263 

4,036 

4,308 

4,626 

Stockpile  6) 

in.855 

10,855 

10.855 

Total 

9,524 

21,855 

23,009 

23,735 

(1)  One  U.S.  Mine  plus  recycle  material  per  U.S.  Bureau  of  Mines 
estimate. 

(2)  U.S.  Bureau  of  Mines  Estimate. 

(3)  Source:  "Report  to  Congress  on  Material  Defense  Stockpile 
Requirements  1989". 
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14  000  lbs.  of  tungsten  in  the  stockpile  allocated  to  ammunition. 
Obviously  current  input  to  their  model  does  not  include  a 
requirement  for  tungsten  penetrators.  The  obvious  question  is, 
“Would  any  of  the  stockpile  be  available  for  penetrators?  The 
answer  is  that  a  priority  system  would  be  established  for  use  of 
the  stockpile.  The  next  question  is,  "What  would  have  a 
-rioritv  penetrators  or  tungsten  carbide  cutting  tools  needed  to 
machine^all  the  war  materials  required  to  be  manufactured?’  T^is 
is  not  any  easy  question  to  answer.  The  conservative  approach  to 
answering  this  question  would  be  to  increase  the  stockpile  by  the 
amount  required  to  meet  penetrator  mobilization  quantities. 

The  above  discussion  points  up  one  area  of  concera  that 
will  have  to  be  addressed  if  penetrator  production  is  shifted 
from  depleted  uranium  (DU)  to  tungsten  (W) . 

(5)  Ammonium  Paratungstate  (APT)  Capacity 

Ammonium  paratungstate,  which  is  manufactured  from 
tungsten  concentrate  or  tungsten  scrap, 

product  from  which  tungsten  powder  is  manufac^red.  United 
States  APT  capacity  is  13,425  MT  per  year.  APT  for  U.S. 
consumption  is  provided,  for  the  most  part,  by  United  States  ^T 
producers  as  shown  in  Figure  1II-6.  (6)  Imported  APT  represents 
only  a  small  percentage  of  United  States  APT  consumption.  On  May 
22  ^1987  the  United  States  International  Trade  Commission  ruled 
that  imports  of  APT  and  tungstic  acid  from  China  had  caused 
injury  to  the  U.S.  tungsten  industry.  On  September  28,  1987  an 
agreement  was  signed  between  the  U.S  and  ^ina  limiting 
of  APT  and  tungstic  acid  as  follows*  last  quarter  1987,  193  MT 
of  JSSg^L  cSnJei?:  1988,  821  MT;  1989,  880  MT;  1990,  930  MT; 
and  the  first  nine  months  1991,  680  MT. 

The  consumption  of  APT  in  any  given  year  varies  rather 
widely  so  it  is  not  possible  to  project  excess  capacity  with  a 
high  degree  of  accuracy.  The  average  consumption  during  the 
1980-1988  time  period  was  7,414  MT,  and  in  1981  the  maximum 
consumption  of  9,165  MT  occurred.  Based  on  these  ®*cess 

capacity  during  peacetime  is  estimated  at  between  4,300 
MT  tungsten  content.  For  this  study  excess  capacity  of  4,300  MT 
will  be  used.  Under  mobilization  conditions,  and  without  use  of 
tungsten  for  penetrators,  it  can  be  expected  that  there  would  not 
be  anv  excess  APT  capacity.  This  assessment  is  based  on 
estimated  tungsten  usage  during  mobilization  as  contained  in  the 
"Report  to  Congress  on  Material  Defense  Stockpile  Requiremen  s 

1989".  (5) 

(6)  Tungsten  Powder  Capacity 

Tungsten  powder  is  the  starting  material  which,  when 
blended  with  appropriate  alloying  powders,  is  used  to  fabricate 
tungsten  alloy  (WA)  penetrators.  Nearly  all  tungsten  powder  for 
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United  States  APT  Supply 

1980  •  1988 
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U.S.  CAPACITY:  13,400  MT 


U.S.  consumption  is  produced  in  the  United  States.  United  States 
tungsten  powder  capacity  is  13,786  MT  per  year.  This  capacity  is 
nearly  equal  to  the  13,425  MT  of  contained  tungsten  APT  capacity 
which  is  logical  since  APT  is  the  intermediate  product  for 
conversion  of  tungsten  concentrate  to  tungsten  powder. 

United  States  tungsten  powder  production  for  the  years 
1980-1988  is  shown  in  Figure  III-7.  (6)  Like  APT  production, 
the  production  of  tungsten  powder  varies  from  year  to  year  so  it 
is  not  possible  to  estimate  excess  capacity  precisely.  The 
average  consumption  during  the  1980-1988  time  period  was  7,232  MT 
and  in  1981  the  maximum  consumption  of  8,959  MT  occurred.  Based 
on  these  numbers  excess  capacity  during  peacetime  is  estimated  at 
between  4,827  and  6,554  MT  tungsten  content.  For  this  study 
excess  peacetime  capacity  of  4,800  MT  will  be  used.  Under 
mobilization  conditions,  even  without  use  of  tungsten  for  pene- 
trators,  it  can  be  expected  that  there  would  not  be  any  excess 
tungsten  powder  capacity.  This  assessment  is  based  on  estimated 
tungsten  usage  during  mobilization  as  contained  in  the  “Report  to 
Congress  on  National  Defense  Stockpile  Requirements  1989".  (5) 

(b)  Depleted  Uranium  Availability  Considerations 

(1)  UF^.  SUPPLY 

The  DOE  recently  completed  a  study  on  U.S.  Government 
depleted  uranium  requirements.  Their  draft  report,  dated  April 
3,  1989,  is  titled  "Strategic  Study  of  U.S.  Government  Depleted 
Uraniiim  Requirements"  (7).  This  report  shows  that  excluding  the 
mobilization  requirement,  planned  annual  pr^uction  of  depleted 
UP^  greater  than  consumption*  The  existing  inventory  plus 

planned  production  will,  however,  supply  all  requir^ents 
including  the  mobilization  requirements  for  the  entire  plannxng 
period. 


(2)  UF^  Derby  and  Cast  Metal  Capacity 

Table  III-3  shows  the  U.S.  capacity  for  production  of 
UF^,  derby  and  cast  metal.  Uranium  fluoride  (UF^)  is  an 

intermediate  product  in  the  production  of  uranium  metal  which  is 
made  from  UFg.  UF^  is  often  referred  to  as  "greensalt".  UF^  is 

mixed  with  magnesium  chips  and  heated  to  cause  a  thermic  reaction 
which  results  in  the  formation  of  magnesium  fluoride  and  molten 
uranium  metal  which  settles  to  the  bottom  of  the  reaction  vessel 
and  solidifies  in  the  form  of  a  derby.  The  derby  is  then  melted 
along  with  scrap  and  alloy  additions  and  cast  into  ingots  or 
billets. 
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U.S.  Tungsten  Powder  Production 


U.S.  CAPACITY:  13,800  MT\  095.8K 


Table  III-3 


YEARLY  NORTH  AMERICAN  PRODUCTION  CAPACITIES  FOR 
DEPLETED  URANIUM  (UP^,  Derby  6  Casting) 

(MT  Contained  Uranium) 


Source 

£14 

Derby 

Casting 

U.S.  Private  Sector 

NMI 

YES  (CMI) 

YES  (CMI) 

YES 

Sequoyah  Fuels 

YES 

NO 

NO 

Aerojet 

NO 

YES 

YES 

Manufacturing 

Sciences  Corp. 

NO 

NO 

YES 

Total 

3,923 

6,534 

9,800 

doe 

FMPC 

YES 

YES 

YES 

Y-12 

NO 

NO 

YES 

Canada 

Eldorado 

NO 

YES 

YES 

Grand  Total 

6,683 

15,018 

20,402  ' 
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Information  on  each  producer  is  presented  below 


(a)  Sequoyah  Fuel 

Sequoyah  Fuel,  located  in  Gore,  Oklahoma,  has  a  facility 
for  reduction  of  UFg  to  UF^. 

(b)  Nuclear  Metals  Inc.  (NMI) 


HMI.  located  in  Concord,  Massachusetts,  is  ^e  only  U.S. 
commercial  uranium  surlier  with  a  wholly  ownedcaptwe  facility 
for  converting  OFg  to  final  metallic  uranium  form.  BMIs 

facility,  Carolina  Metals  Inc.  (CMl),  located  in  Barnwell,  South 
carolini,  was  built  in  the  1984-85  time  frame. 


(c)  Aerojet  ordnance  Tennessee  (APT) 

Aeroiet  Ordnance  Tennessee,  in  Jonesborough,  Tennessee, 
has  facilities  for  converting  depleted  UF^  to  uranium  metal 

forms.  Aerojet  is  the  other  U.S.  producer  of  depleted  uranium 
penetrators • 

(d)  Manufacturing  Sciences  Corp.  (MSC) 

Manufacturing  Sciences  Corp.,  in  Oak  Ridge,  TN  has  recently 
installed  a  cast  metal  capability. 


(e)  Feed  Materials  Production  Center  (FMPC) 

The  FMPC  is  operated  under  the  direction  of  DOE-ORO  and 
the  DOE-FMPC  Site  Office.  The  reduction  in  Projected  production 
levels,  especially  of  those  products  produced  xn  the  DOE 
facilities,  has  prompted  various  studies  on  the  feasibility  of 
Saisfereiig  pr<Juctlon  responatbillty  from  DOE  ho  th.  commercial 

sector. 


(f)  Y-12 

Y-12  located  at  Oak  Ridge,  Tennessee  is  operated  under 
the  direction  of  DOE-ORO  and  has  facilities  for  metal  casting. 
TOe  r^“rS  feed  material  for  Y-12  is  derby  or  scrap  uranium 

materials.  (7) 


(g)  Eldorado 


A  plant  is  operated  by  Eldorado 
Hope,  Ontario,  Canada,  which  starts  with 

metal  forms.  The  required  starting  feed 
is  UF^. 


Nuclear  Ltd.  in  Port 
UF^  and  produces  uranium 

material  at  this  plant 
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4.  STARTING  MATERIAL  QUAMTITy  REQUIREMENTS 


a.  Peacetime  Quantity  Requirementa 

For  t-he  purpose  of  'this  study,  starting  material  is  tungsten 
concentrate  for  tungsten  and  UF^  for  depleted  uranium 

respectively.  In  addition  to  starting  material,  there  are 
subsequent  processing  operations  that  should  be  considered  when 
evaluating  material  requirements.  For  depleted  uranium,  these 
additional  operations  are  manufacture  of  derby  and  casting  of 
ingot.  For  tungsten,  the  additional  operations  are  manufacture 
of  APT  and  tungsten  powder.  Quantities  of  ail  materials  will  be 
referred  to  in  terms  of  metric  tons  of  contained  tungsten  or 
metric  tons  of  contained  uranium. 

Peacetime  yearly  quantity  requirements  of  tJF^,  derby  and  cast 

depleted  uranium  for  the  period  1990  to  2000  for  all  of  the  items 
included  in  this  study  as  being  either  definite  or  potential 
users  of  DU  are  shown  in  Figure  III-8  (UF^  and  derby)  and  Figure 

III-9  (casting).  Quantity  requirements  of  UF^  and  derby  are  the 

same  in  terms  of  contained  uranium  and  are  thus  shown  together  in 
Figure  1II-8.  The  data  in  Figure  III-8  euid  III-9  show  •that  the 
U.S.  private  sector  UF^,  derby  and  casting  capacity  is  adequate 

to  meet  peacetime  requirements  if  all  of  these  items  were  made 
from  depleted  urzmium.  The  armor  requirement  is  zeroed  out  until 
1995  as  current  planning  is  to  use  available  inventory  plus  scrap 
until  1995  at  %«hich  time  it  will  be  consumed.  Even  without  use 
of  scrap  inventory  for  the  armor  program,  private  sector  capacity 
is  adequate  for  all  peacetime  requirements. 

Depleted  uranium  DOD  penetrator  material  requirements  for  the 
years  Fy86  thru  FY89  are  presented  below  which,  when  compared 
with  projected  requirements  in  Figure  III>8,  show  the  significant 
decrease  in  requirements  which  started  in  Fy88. 


Year 

DOD  Requirement 

Fy86 

1,688  MT 

Fy87 

1,723  MT 

Fy88 

1,006  MT 

Fy89 

730  MT 

In  FY86-Fy88  Army  requirements  were  supplemented  by  at  least 
360  MT  of  requirements  from  Navy  and  Air  Force.  FY89  is  a 
transition  year  with  approximately  225  MT  of  Navy  requirements  in 
addition  to  the  Army  requirements.  The  Navy  Phalanx  System  has 
recently  been  converted  from  DU  to  WA  for  •the  penetrator;  hence, 
in  FT90  and  beyond,  there  are  no  substantial  requirements  beyond 
those  of  the  Army. 
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Yearly  Peacetime  Requirements  Of 
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PRIVATE  SECTOR  UF4  CAPACITY:  3923  MT 

PRIVATE  SECTOR  DERBY  CAPACITY:  6534  MT 
GAU  12  REQUIREMENT  (1992-2000):  4  MT/YR 


Peacetime  yearly  quantity  requirements  of  tungsten 
concentrate  and  tungsten  powder  for  the  period  1990  to  2000  for 

of  the  items  included  in  this  study  as  being  either  definite 
or  potential  users  of  tungsten  are  shown  in  Figure  IlI-lO  (con¬ 
centrate)  and  Figure  III-ll  (APT  &  powder).  Quantity  require¬ 
ments  of  APT  and  tungsten  powder  are  nearly  equal  in  terms  of 
contained  tungsten  and  are  thus  shown  together  in  Figure  III-ll. 
There  is  approximately  a  3  percent  processing  loss  in  going  from 
APT  to  tungsten  powder  so  the  APT  quantity  will  be  larger  than 
the  tungsten  powder  quantity  by  this  factor.  The  maximum  yearly 
tungsten  concentrate  requirement  is  736  MT  contained  tungsten. 

This  represents  only  a  10  percent  increase  in  U.S.  1988  tungsten 
concentrate  consumption.  No  problem  xs  anticipated  in  being  able 
to  import  this  additional  quantity  of  tungsten  during  peacetime 
barring  any  cutbacks  in  imports  from  China.  The  excess  ^  and 
tungsten  powder  capacity  is  also  adequate  to  meet  peacetime 
demands  for  penetrators. 

b.  MOB  Material  Quantity  Requirements 

Mobilization  material  quantity  requirements  for  all  of  the 
penetrators  and  armor  it«ns  considered  in  this  study  as  being 
Sther  definite  or  potential  users  of  DO  or  tiragsten  are  shown  in 
Table  III-4.  The  first  question  that  will  arise  in  reviewing 
Table  II1-4  is,  "Why  is  the  tungsten  concentrate  quantity  always 
lower  for  a  specific  item  than  the  UF^  requirement? “  There  are 

two  primary  reasons  for  the  difference  noted.  First,  for  the 
purposes  of  this  study,  a  93  percent  tungsten  alloy  ^s  assumed; 
thus,  the  tungsten  weight  will  always  be  lower  than  the  urani^ 
weight  per  penetrator.  Secondly,  all  tungsten  scrap  generated  in 
manufacture  of  a  tungsten  penetrator  can  be  recycled  whereas  for 
DU  most  of  the  machining  chips  are  not  currently  recycled.  In 
the  case  of  the  tungsten  ATAC  penetrator,  this  recycle  reprwents 
50  percent  of  the  weight  of  the  starting  blank  considering  both 
process  losses  and  machining  chips.  Use  of  recycle  reduces 
starting  concentrate  requirements  accordingly. 

Another  question  that  may  arise  is,  "Why  is  the  quantity  of 
cast  DU  ingot  always  higher  than  the  APT/W  powder  quantity  for 
any  given  item?"  Again,  because  of  the  93  percent  tungsten 
alloy,  the  tungsten  quantity  will  always  be  lower.  In  addition, 
there  are  scrap  losses  in  extrusion  or  rolling,  and  in  cutting  of 
blanks  in  the  DU  processing,  vdiich  cause  the  cast  ingot  qu^tity 
requirements  to  be  higher.  Lastly  there  is  the  question  of  ^y 
cast  ingot  requirements  are  higher  than  OF^/derby  requirements. 

There  is  a  certain  percentage  of  scrap  %diich  is  recycled  into  the 
casting  operation;  thus,  the  amount  of  cast  ingot  always  exceeds 
UF.  and  derby  requirements. 
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Yearly  Peacetime  Requirements  Of 
Tungsten  Concentrate  By  Item 


111-24 


919  1990  REQUIREMENT:  8  MT 
KEM  1994  REQUIREMENT:  4  MT 


Yearly  Peacetime  Requirements 
Of  APT/Tungsten  Powder  By  Item 


PRIVATE  SECTOR  CAPACITY 
APT:  4300  MT 

POWDER:  4800  MT 


Table  I I 1-4 


YEARLY  MOB  MATERIAL  QUANTITY  REQUIREMENTS  BY  ITEM 
(MT  Contained  Uranium  or  Tungsten) 


Cast 


lien 

Ingot 

ATAC 

1.409 

1,921 

COBVAT 

340 

<163 

KEM 

561 

693 

919 

322 

416 

105 

3.291 

4.451 

ARMOR 

1.855 

2.854 

6AU-12 

126 

178 

6AU-8 

PHALANX 

Total 

8.163 

11.533 

15.745* 

22-093 

Tungsten 

Concentrate 

APT/M  Powder 

779 

1,567 

232 

<l03 

401 

644 

180 

363 

_J1SS 

1.032 

1.900* 

3.646* 

■  ?arK,r.rsi!.‘ssi.»K«.r 
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Table  III-5  svunmarizes  the  peacetime  and  MOB  quantity 
requirements  and  U.S.  private  sector  capacity  for  UF^,  derby  and 

casting  in  the  case  of  depleted  uranium  and  concentrate?  i^T  and 
powder  in  the  case  of  tungsten.  This  table  shows  that  private 
sector  capacity  is  adequate  to  meet  all  peacetime  starting 
material  and  material  processing  requirements  for  both  depleted 
uranium  and  tungsten.  Shortfalls  exist  in  MOB  capacity  for  UF^, 

derby  and  casting  even  if  DOE  and  Canadian  capacity  is  included. 
One  item  that  should  be  considered  is  the  large  MOB  requirement 
for  GAU-8.  Is  this  a  realistic  requirement?  If  this  requirement 
could  be  significantly  reduced,  it  would  go  a  long  way  toward 
either  eliminating  or  reducing  the  capacity  shortfalls  that 
currently  exist.  In  the  case  of  tungsten,  shortfalls  in  capacity 
can  be  expected  under  MOB  as  the  stockpile  does  not  currently 
include  concentrate  for  penetrator  application.  Based  on 
projected  wartime  requirements  for  tungsten,  APT  and  tungsten 
powder  capacity  would  be  100  percent  utilized  for  domestic  and 
military  wartime  requirements  that  currently  do  not  include 
requirements  for  penetrator s.  It  should  be  noted  that  there  are 
no  Canadian  facilities  for  manufacture  of  APT  or  tungsten  powder. 

c.  Stockpile/Facility  Costs  for  MOB  Material 

Costs  to  either  stockpile  or  facilitize  for  the  MOB  material 
shortfall  for  depleted  uranium  and  tungsten  are  shown  in  Table 
III-6.  Costs  to  stockpile  represent  estimates  based  on  current 
prices  for  the  various  uranium  and  tungsten  forms  shown  in  Table 
III-6.  The  estimate  for  costs  to  facilitize  come  frcxn  various 
sources.  The  cost  of  equipment  for  depleted  uranium  facilities 
was  obtained  from  the  two  current  penetrator  producers.  With 
respect  to  tungsten  concentrate,  the  O.S.  Bureau  of  Mines  has 
estimated  that  to  open  new  U.S.  tungsten  mines  with  an  annual 
capacity  of  10,000  MT  would  cost  $469  million.  (5)  The  APT 
facility  cost  estimate  was  provided  by  the  Refractory  Metals  ^ 
Association.  (8)  The  tungsten  powder  furnace  equipment  estimate 
%«as  obtained  from  tungsten  industry  sources  visited  during  this 
study. 

In  reviewing  the  costs  in  Table  III-6,  with  one  exception  it 
is  noted  that  it  is  always  cheaper  to  facilitize  for  an  annual  MT 
of  material  than  it  is  to  stockpile  a  MT  of  material.  The  one 
exception  is  the  cost  to  open  mines  for  tungsten  concentrate. 

The  exorbitant  costs  to  open  new  U.S.  mines  show  that  it  is  far 
less  costly  to  store  the  required  3  war  year  quantity  in  the 
stockpile  than  it  would  be  to  open  U.S.  mines.  The  30  months 
lead  time  to  open  mines  also  would  not  provide  the  required 
material  on  a  timely  basis  if  one  were  to  wait  until  the  warning 
year  of  a  mobilization  period  to  initiate  this  action. 
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Table  III-5 

FtACETlIE  &  KB  YEARLY  BDAHriTY  REOUlREteftS  S  U.S.  PRIVATE  SECTOR  CAPACITY 

(NT  Contained  Uranium  or  Tungsten) 


Material  Processing 

foPP 

Maximum  Yearly 

REQUieEtENI _ 

Peacetime 

U.S.  Private  Sector 

Capacity _ 

North 

American 

Capacity_(1) 

Peacetime 

m- 

Depleted  Uranium 

L795 

15,7^6 

3,923 

6,683 

Derby 

1J95 

15,7^6 

6,534 

15,018 

Casting 

2,536 

22,093 

9,800 

20,402 

Tungsten 

(Fxcfss  CapacityI  (2) 

Concentrate 

736 

1,900 

Use  Imports 

None  (3) 

APT 

1,^102 

3,646 

4,300 

None  (3) 

Powder 

1,360 

3,537 

4,800 

None  (3) 

(1)  North  Aterican  capacity  iNauDEs  DOE  and  Canadian  facilities. 

(2)  Excess  capacity  is  that  capacity  which  would  be  available  for 

PENETRATORS  CONSIDERING  MAXIMUM  UTILIZATION  OF  EXISTING  TOTAL 
CAPACITY  OVER  LAST  NIIE  YEARS. 

(3)  All  current  capacity  needed  to  meet  Military  and  domestic  MOB 
requirements  other  than  penetrator. 
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Table  II 1-6 

STOCKPILE/FACILITY  COSTS  FOR  HOB  MATERIAL 


Cost  to 


Cost  to 

Facilitize 

Time  to 

Stockpile 

($  PER  Annual 

Facilitize 

Material 

(t  PER  fill 

MT  Capacity) 

(  Months  3 

Depleted  Uranium 

UFi, 

4,630 

1,340 

12 

Derby 

11,025 

430 

12 

Cast  Ingot 

16,537 

500 

12 

Tungsten 

W  Concentrate 

7-629 

47,000 

30 

APT 

11,245 

3,500 

24 

Tungsten  Powder 

22,049 

900 

12 
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Keeping  in  mind  that  MOB  facilities  may  never  be  needed,  the 
most  cost  effective  approach  to  the  MOB  material  quantity  problem 
appears  to  be  to  use  the  warning  year  of  a  mobilization  period  to 
build  the  required  facilities  with  the  exception  of  tungsten 
concentrate,  which  should  be  stockpiled  as  soon  as  possible.  A 
more  precise  answer  to  this  question  would  require  a  detailed 
economic  analysis  wherein  various  scenarioes  concerning  the 
length  of  to  MOB  would  be  considered.  It  would  not  be 

advisable  to  wait  until  the  vwrning  year  to  stockpile  W 
concentrate  as  the  source  for  imports  might  not  be  available  at 
that  time.  Using  this  approach,  all  depleted  uranium,  APT  and 
tungsten  powder  facilities  could  be  ayailable  for  war  year  1.  The 
APT  plant  would  have  to  be  supplied  with  concentrate  from  the 
stockpile.  Thus  a  three  year  supply  of  tungsten  concentrate 
%«ould  be  required. 

More  conservative  approaches  them  the  one  described  above 
%^uld  require  the  stockpiling  of  additional  quantities  of 
material.  The  exact  quantities  of  material  to  be  stockpiled  wxll 
be  dependent  on  the  mix  of  DU  &  W  penetrators  finally  chosen  for 

various  items  and  on  the  shortfall  in  MOB  material  that 
result^s  from  mix* 

Regardless  of  the  approach  taken  to  providing  for  MOB 
material  quantity  requirements,  it  %«ould  appear  to  be  in  the  U.S. 
Government's  best  interest  to  retain  the  DOE  facilities  £or  MOB 
1200^  pj^Qvided  environmental  considerations  would  allow  this 
option.  The  use  of  Canadian  tungsten  mines  for  MOB  is  an  open 
issue.  Canadian  tungsten  mines  were  not  included  in  estimates  of 
material  availability  for  MOB  since  no  Canadian  tungsten  mines 
0^0  currently  operating  and  the  1989  Report  to  Congress  on 
Rational  Defense  Stocl^ile  Requirements  (5)  did  not  include 
reopened  Canadian  mines  in  their  analysis  of  stockpile 
requirements,  implying  they  siay  not  be  available  to  the  U.  S. 
during  a  national  emergency* 

d.  Excess  Depleted  Uranium  Capacity  Available  For  O^er 


The  DOE,  in  their  report  (7)  on  U.S.  Government  depleted 
uranium  requirements,  identified  several  programs  outside  the 
area  of  penetrators  and  armor  as  either  users  or  potential  users 
of  depleted  uranium.  These  programs  and  projected  yearly  peace¬ 
time  requirements  from  1990  to  2000  show  that  with  the  exception 
cf  t:he  year  1995,  %d»ere  there  is  a  375  MT  shortfall,  U.S.  private 
sector  capacity  for  UF^  is  adequate  to  meet  all  peacetime 

requirements  for  penetrators,  armor  and  the  DOE  identified 
programs.  If  one  considers  the  current  inventory  of  scrap  that 
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DOE  has  identified  as  being  able  to  be  used  in  some  of  these 
programs,  the  shortfall  in  1995  can  also  be  easily  met.  Since 
tte  excess  capacity  for  derby  and  casting  is  larger  than  the 
excess  UP> 


capacity,  U.S.  private  sector  capacity  for  these 


operations  would  also  be  available  to  meet  100  percent  of  the 
additional  program  requirements. 

Under  MOB  conditions,  as  already  pointed  out,  there  would  not 
be  any  excess  capacity  available  for  the  DOE  identified  programs. 

5.  MANUFACTURING  FACILITY  REQUIREMENTS 


a.  Facilities  for  Depleted  Uranium  Penetrators 

Two  facilities  exist  for  manufacture  of  depleted  uranium 
penetrators.  Nuclear  Metals  Inc.  (NMI),  located  in  Concord, 
Massachusetts,  and  Aerojet  Ordnance  Tennessee  (AOT)  in  ^ 
Jonesborough,  Tennessee.  Much  of  the  equipment  located  at  these 
two  facilities  is  government  owned. 

b.  ig-r<«tlnQ  Facilities  for  Tungsten  Penetrator 

In  the  1977-78  time  frame  two  facilities  with  government 
owned  eguipment  were  established  for  manufacture  of  the  105mm 
M735  penetrator  from  tungsten  alloy.  Shortly  after  establishment 
of  these  two  facilities,  the  Army  made  the  decision  to  use 
depleted  uranium  for  large  caliber  penetrators  and  these  facili¬ 
ties  were  put  in  lay-a%«y.  These  two  facilities  were  located  at 
Teledyne  Firth  Sterling  (TFS)  in  Levergne,  Tennessee,  and 
Kennametal,  Slippery  Rock,  Pennsylvania.  Over  the  years  the 
government  has  excessed  some  of  this  equipment  and  in  some  cases 
TFS  and  Kennametal  have  purchased  the  equipment  from  the  govern¬ 
ment.  The  remainder  of  the  equipment  is  still  owned  by  the 
government.  The  TFS  line  is  essentially  intact  and  some 
capability  to  manufacture  large  caliber  penetrators 
at  TFS.  Kennametal *s  line  has  been,  for  the  most  part,  disbanded 
and  no  large  caliber  penetrator  manufacturing  capability  exists 
currently  at  Kennametal.  Kennametal  has  expressed  their  inten¬ 
tion  to  get  out  of  the  tungsten  alloy  business.  Kennametal  s 
exit  frcxn  the  tungsten  alloy  business  would  leave  two  com^nies 
as  potential  manufacturers  of  tungsten  alloy  penetrators  for  pOD. 
The  second  company  would  be  GTE  Sylvania,  Towanda,  Pennsylvania. 


c.  Peacetime  Requirements 

The  peacetime  facility  costs  to  manufacture  items  considered 
in  this  study  when  manufactured  from  depleted  uranium  or  tungsten 
are  shown  in  Table  III-7.  Costs  shown  for  each  item  are  at  its 
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Table  111-7 

PEACETItE  PBORATOR  FACILITY  COSTS,  $ 

hsi  m 

ATAC  ° 

COlWAT 

With  919  Same  Hatirial  0 

With  919  Differemt  Haterial  9,800,000 


KOI 


500,000 


919 


9,800,000 


105/120 


VL 

5,050,000 

0 

1,995,000 

700,000 

2,005,000 

N/A 
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maximum  peacetime  production  rate  using  existing  facilities  to 
the  maximum  extent  possible.  For  any  combination  of  items  being 
manufactured  from  either  DU  or  tungsten,  the  total  cost  for 
facilities  could  be  determined  by  simply  adding  costs  for  each 
item.  There  are  no  cost  premiums  or  savings  realized  due  to  any 
of  the  combinations. 

(1)  ATAC  Facilities 

There  is  no  cost  to  facilitize  for  ATAC  when  using  DU 
because  existing  105/120  DU  penetrator  facilities  can  be  used. 
Equipment  reguirements  for  tungsten  facilities  for  ATAC  involve 
swaging  equipment,  lathes  and  ultrasonic  inspection  equipment. 

(2)  COMVAT  Facilities 

COMVAT  is  to  replace  the  M919  round.  If  the  COMVAT 
pgjjg'trator  uses  the  same  material  as  the  M919,  COMVAT  can  be  made 
using  the  M919  facilities.  In  this  case  there  would  not  be  any 
facility  cost  for  COMVAT.  If  COMVAT  penetrator  is  made  from 
different  material  than  M919,  facilities  will  be  required  for 
either  the  COMVAT  tungsten  or  DU  penetrator.  ^e  primary  reason 
DU  facilities  are  over  twice  as  much  as  WA  facilities  is  the  M919 
requirement  for  a  coating.  The  M919  penetrator  is  the  first 
penetrator  to  require  such  a  coating*  and  no  equipment  currently 
exists  for  application  of  this  citing.  It  is  expected  that  the 
COMVAT  penetrator  will  also  require  such  a  coating .  Coating 
equipment  cost  is  estimated  at  $1.5M  to  $2.0M. 

(3)  KEM  Facilities 

For  the  purposes  of  this  study  only  one  producer  ®sch 
for  DU  and  WA  %rcis  chosen  to  make  the  KEM  penetrator.  Quantities 
were  considered  too  low  to  split  between  two  manufacturers.  A 
new  outgas  furnace  would  be  required  for  DU  as  the  current 
furnaces  would  not  be  able  to  handle  the  KEM  penetrator  length. 

A  new  centerless  grinding  machine  and  ultrasonic  test  equipment 
are  the  only  items  of  equijxnent  required  for  the  WA  production. 

(4)  M919  Facilities 

The  M919  penetrator  is  the  first  small  caliber  long  rod 
penetrator  to  be  manufactured.  As  such,  new  machining  equipment 
is  required  whether  this  penetrator  is  made  from  DU  or  WA.  As 
explained  for  the  COMVAT  penetrator,  the  primary  difference  in 
cost  is  the  coating  equipment  required  for  the  DU  penetrator. 
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(5)  105/120  Facilit-ies 


Current  facilities  at  NMI  and  AOT  are  adequate  to 
manufacture  projected  peacetime  requirements  for  the  105/120 
penetrators.  No  additional  equipment  is  required  so  long  as 
Misting  capacity  at  each  facility  is  used  to  maximum  extent 
possible.  This  study  did  not  address  any  potential  needs  for 
equipment  replacement  due  to  wearing  out  of  equipment. 

d.  Mobil jgation  Requirements 

Facility  costs ,  above  and  beyond  the  peacetime  facility 
costs,  to  manufacture  items  considered  in  this  study  vdien 
manufactured  from  depleted  uranium  or  tungsten  are  shown  in  Table 
III-8  Costs  shown  for  each  item  are  at  its  maximum  mobilization 
rate  using  peacetime  facilities  to  the  maximum  extent  possible. 
For  mobilization  there  are  additional  costs,  above  those  shown  in 
Table  III-8,  when  combinations  of  items  being  manufactured  from 
either  DU  or  tungsten  are  considered.  For  this  reason  it  is  not 
possible  to  simply  add  item  mobilization  costs  in  Table  III-8  to 
determine  total  facility  costs  when  considering  various  scenarios 
or  options.  Table  III-9  shows  both  the  peacetime,  mobilization 
and  total  facility  costs  for  all  combinations  of  items,  ^e 
combinations  in  Table  III-9  have  been  arranged  generally  in 
increasing  total  facility  costs  (peacetime  and  mobilization) . 

The  ATAC  (DU)  and  KEM  and  COMVAT  (WA)  option  has  the  lowest  total 
facility  cost  at  between  ?9, 850, 000  to  $12,915,000  depending  on 
whether  the  919  is  made  from  WA  or  DO.  The  most  expensive  option 
is  all  three  items  made  from  WA,  at  a  facility  cost  between 
$18,800,000  to  $21,965,000,  again  depending  on  whether  the  919  is 
made  from  WA  or  DU. 

6.  PRODUCTION  COST  CC»«PARIS0H 


The  most  meaningful  %ray  to  compare  costs  of  DU  and  WA 
penetrators  is  direct  head-to-head  competitive  data.  Unfortun- 
ately,  the  only  item  for  which  such  recent  data  is  available  is 
the  Phalanx  penetrator.  This  item  showed  a  per  round  saving  of 
$1.78  in  making  the  change  to  WA.  Table  III-IO  shows  the  actual 
cost  comparison  for  the  Phalanx  penetrator  and  other  penetrators 
where  either  actual  cost  data  or  estimates  are  available. 

ARDEC  has  done  a  cost  analysis  to  determine  the  differential 
cost  between  the  selection  of  a  depleted  uraniun  penetrator  for 
the  25mm  M919  program  in  lieu  of  a  tungsten  penetrator  (XM881). 
The  tungsten  alloy  penetrator  cost  was  based  on  estimates 
provided  by  the  tungsten  suppliers.  The  cost  of  the  DU 
penetrator  was  determined  from  work  process  sheets  generated  by 
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Table  II 1-8 


MOB  PENETRATOR  FACILITY  COSTS.  $ 
(Additional  Cost  to  be  Added  to  Peacetime  Cost 


llOl 

ATAC 

COHVAT 

919  Same  material 
919  Different  Material 


KEM 

919 

105 


m 

9.150.000 


0 

2.300.000 

800.000 

6.020.000 

15.300.000 


TO  Meet  MOB) 

M 

7.900.000 

0 

1.200.000 

0 

4.080.000 
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PEACETIft  AND  HOB  FACILIt/SS  Hi'vARlOUS  nATERIAL/Iiei  NIXES 

($  Thousands) 

ni  Itfms 

DU  PEACEn»E 
Costs 

J5S 

UA  Items 

UA  PEACETltE 

c^ _ 

UANOB 

CiCT* 

Total 

ATAC 

0 

9,150 

700 

0 

9,850 

ATAC 

0 

9,150 

2,645 

1,120 

12,915 

ATAC&KEn 

500 

9,950 

0 

0 

10,450 

ATAC&KEn 

500 

9,950 

1,945 

1,120 

13,515 

ATCtOIWAT 
919  Also  DU 

0 

9,500 

KEN 

700 

0 

10,200 

ATAC*CDfWAT 
919  UA 

4,800 

11,800 

KEN 

700 

0 

F,300 

ATAC  & 

500 

10,750 

NOIC 

0 

0 

11,250 

919  UA 

5,300 

D,(B0 

NOTE 

0 

0 

18,350 

KOI 

500 

0 

5,050 

8,150 

13,700 

KEn 

500 

0 

ATAC  »  OIWAT 
919  DU 

6,995 

8,770 

16,255 

500 

800 

ATAC 

5,050 

7,900 

14,250 

5,300  • 

3,100 

ATAC 

5,050 

7,900 

21,350 

0 

0 

ATAC  t  KEN 

5,750 

12,550 

18,300 

1,945 

2,300 

AJAC  AKEN 

5,750 

12,550 

22,545 

"SWaP* 

13,050 

18,800 

HUE 

0 

0 

919  Al^UA 

5,750 

NDfE 

0 

0 

7,695 

14,170 

21,8S 

*  Added  Cost  to  get  froh  peacetiie  to  HOB  ouMinTiES. 

■ 
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Table  III-IO 

DU  VERSUS  WA  COST  COMPARISON 


JM 

01 

PHALANX 

$  5.98 

%  A.20 

919/881 

7.22 

8.A6 

105mm  m  (1) 

300.00 

105mm  835  (2) 

305.00 

» 

216.00 

it 

213.00 

it 

173.m 

it 

226.00 

120mm  829A1 

<188.00 

— 

TIME 

PfliTOD 

msL 

1988 

VECP  For  Change  to  WA 

1987 

ARDEC  Cost  Study 

198^83 

Last  77A  Prod.  Contracts 

1983 

Prod.  Contracts 

198>l 

it  it 

1985 

it  it 

1986 

it  it 

1987 

ii  it 

1989 

it  it 

(1)  Wt.  -  7.A1  LBS./  Length  13.65" 

(2)  Wr.  “  8.08  LBS./  Length  16.8" 
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DU  manufacturers  and  experience  from  other  DU  production 
programs.  Using  this  analysis,  with  adjustments  for  the  current 
price  of  tungsten  concentrate  at  $55/standard  tungsten  unit 
(stu),  the  tungsten  penetrator  was  found  to  be  more  costly  by 
$1.24  per  penetrator. 

There  is  little  penetrator  cost  data  for  large  caliber 
penetrators  made  from  tungsten  alloy.  The  only  production  cost 
data  is  on  the  PP105  projectile  marketed  by  Flinchbaugh  Products 
for  foreign  military  sales  in  the  1983  time  period.  The 
penetrator  for  this  round  was  made  by  Teledyne  Firth  Sterling. 

The  weight  and  length  of  this  penetrator  is  close  to  the  weight 
and  length  of  the  105mm  M774  penetrator,  so  a  comparison  of  cost 
is  of  interest.  In  this  instance,  the  DU  penetrator  is  over  $100 
more  costly  than  the  WA  penetrator.  However,  one  must  keep  in 
mind  that  a  lot  of  production  problems  were  experienced  %irith  the 
M774.  As  production  proceeded  into  manufacture  of  the  M833 
penetrator,  the  costs  came  down  significantly  to  the  point  vdiere 
the  cost  of  the  FP105  and  M833  were  approximately  equal  if 
comparing  constant  dollar  costs. 

The  tungsten  industry  has  done  their  own  cost  comparison 
analysis  and  they  have  shown  the  cost  of  a  tungsten  large  caliber 
penetrator  to  be  approximately  equal  to  the  DU  versions.  Based 
on  the  above  considerations,  it  has  been  concluded  that  for  the 
purposes  of  this  study  the  cost  of  DU  and  WA  large  caliber 
penetrators  are  equal. 

The  current  average  cost  for  the  120mm  M829A1  penetrator  is 
$488. 
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7.  CONCLUSIOHS 

Tji©  following  conclusions  rdstive  to  peacetime 

considerations  have  been  made: 

(1)  Material  availability  is  not  a  problem  for  either 
depleted  uranium  or  tungsten. 

(2)  Private  sector  capacity  with  equipment  additions,  is 
adequate  for  either  material. 

(3)  Penetrator  facility  costs  range  from  $500,000 
(KEM  §  $500,000),  if  all  items  were  made  from  depleted  uranium, 
to  $5,750,000  (ATAC  6  $5,050,000  +  KEM  0  $700,000,  if  all  items 
were  made  from  tungsten. 

(4)  Private  sector  material  capacity  is  adequate  for  DOE 
identified  depleted  uranium  programs.  The  DOE  programs  which 
could  potentially  provide  worXloading  for  the  DU  penetrator 
commercial  base  are  y“12  and  Rocky  Flats  (FY90  to  Fy2000)  and 
SSC,  HEP  and  Sub  Ballast  (Fy93  to  FY96). 

( 5 )  The  production  cost  of  depleted  uranium  and  tungsten 
alloy  penetrators  is  equal  for  large  caliber  penetrators. 

Tungsten  alloy  penetrators  are  less  costly  than  depleted  uranium 
in  small  caliber  sizes. 

b.  The  following  conclusions  relative  to  mobilization 

considerations  have  been  made: 

(1)  Tungsten  stockpile  additions  will  be  required  for 
mobilization  if  any  penetrators  are  made  frcan  tungsten  alloy. 

(2)  North  American  capacity  is  inadequate  to  meet 
depleted  uranium  mobilization  requirements  for  UF^,  derby  and 

casting.  This  shortfall  might  be  eliminated  or  significantly 
reduced  if  GAU-8  MOB  requirements  could  be  reduced  and  105mm  MOB 
j^equireinents  were  brought  into  line  with  expected  number  of 
vehicles  in  the  field. 

(3)  O.S.  capacity  is  inadequate  to  meet  tungsten  alloy 
jnobilization  requirements  for  APT  and  tungsten  powder. 

(4)  Penetrator  facility  costs  to  get  to  mobilization 
rates  range  from  $11,250,000,  if  all  items  were  made  from 
depleted  uranium,  to  $18,800,000,  if  all  items  were  made  from 
tungsten. 

(5)  Under  mobilization  conditions,  there  would  not  be 
any  private  sector  capacity  for  DOE  identified  depleted  uranium 
pr  ogreuns . 
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ATTACHMENT  A 


Generic  process  sequences  for  manufacture  of  depleted  uranium 
and  tungsten  alloy  penetrators  are  shown  in  T^le  III-14.  Brief 
descriptions  of  each  process  sequence  are  as  follows: 


a.  nenleted  Uranium  Process 

The  process  for  making  depleted  uranium  penetrators  starts 
with  depleted  uranium  hexafluoride  (UFg)  which  is  a  DOE  by¬ 
product  from  the  uranium  enrichment  process.  UFg  is  government 
furnished  material  to  the  penetrator  manufacture.  UFg  is  reduced 
to  UF  (greensalt)  in  a  chemical  reactor.  UF^  is  then  reduced  to 

metallic  uraniiim  in  a  reduction  furnace.  This  operation  involves 
blending  magnesium  chips  with  the  UF^  and  placing  the  mixture  in 

a  graphite  lined  steel  vessel.  The  charged  vessel  is  placed  in 
an  electrically  heated  furnace  and  brought  up  to  the  reaction- 

ignition  temperature  (normally  1080°F) .  The  spontaneous 
exothermic  reaction  is  sufficient  to  reduce  UF^  and  form  uranium 

metal  (derby)  and  magnesium  fluoride  slag. 

Alloving  and  casting  are  performed  to  produce  a  high  quality 
billet  of  required  chemistry.  Because  of  the  chemical  reactivity 
of  uranium,  melting  and  casting  are  performed  under  vacu^  in 
protected  graphite  crucibles  and  molds.  Derby  and  recyclable 
scrap  are  charged  into  the  melting  crucible  togetter  with 
titanium  sponge  for  alloying.  The  crucible  is  placed  in  a  vacuum 
furnace  which  is  evacuated  and  heated  to  melting  temperature. 

When  the  desired  temperature  is  reached,  the  molten  metal  is 
poured  into  a  nest  of  molds.  The  castings  are  cooled  under 
vacuum  for  several  hours,  then  removed  from  the  furnace  and  air¬ 
cooled. 


The  cast  billets  are  either  extruded  or  rolled  into  rod  of 
appropriate  diameter  for  penetrator  manufacture.  After  blanking 
into  penetrator  lengths,  the  blanks  m  outgassed  in  a  yaw^ 
furnace  to  remove  hydrogen  vrtiich  can  be  a  cause  of  embrittlement. 
The  outgassed  blanks  are  rotary  straightened  to  improve 
straightness  for  the  induction  heat  treatment  operation.  In  this 
oneration  the  blanlcs  are  heated  by  passing  the  blanks  through  an 
induction  coil  which  is  immediately  followed  by  a  water  quench. 
This  operation  in  conjunction  with  the  subsequent  ageing  heat 
treatment  imparts  the  desired  mechanical  properties  to  the  blank. 
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Table  III-U 
GEOIC  PROCESSES 
FOR 

PENETRATOR  pUFACTURE 


_I111 _ 

Starting  Material;  UF0 
Convert  UFg  to  IF/j 
Convert  UF/|  to  Derby 
Cast  Billets 

Extrude  or  Roll  Billets  to  Rod 

Cur  Blanks 

OUTGAS 

Rotary  Straighten 
Induction  IfeAT  Treat 
Rotary  Straighten 
Age 

Face  &  Center 
Rough  Turn 
Finish  Machine 


_ 

Starting  Material;  W  Concentrate 

Convert  W  Conc.  to  APT 

Convert  APT  to  W  Powder 

Blend  W  &  Alloy  Powder 

Fill  Tubular  Container  With  Powder 

Isostatic  Press 

Sinter 

Vacuum  Anneal 
Heat  Treat 
Face  &  Center 
Rough  Turn 
Swage 

Finish  Machine 
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In  preparation  for  ultrasonic  inspection  the  heat  treated 
blanks  are  faced  and  centered  and  outside  diameter  machined. 

After  ultrasonic  inspection  the  blanks  are  machined  to  final 
configuration  on  CNC  finish  machine  lathes. 

b.  Tungsten  Process 

Mined  tungsten  ores  are  concentrated  gravimetrically  and  by 
flotation  followed  by  chemical  conversion  to  ammonium 
paratungstate  [5  m^)2  SH^O]  commonly  referred  to  as  APT. 

APT  is  calcined  in  a  rotary  air  furnace  which  drives  off  the 
ammonia  and  converts  the  APT  to  tungsten  oxide  (WO3) .  The  WO3  is 

then  passed  through  reduction  furnaces.  In  the  reduction 
furnaces,  hydrogen  gas  flows  counter  to  the  movement  of  WO3 

through  the  furnace  which  reduces  the  WO3  to  W  powder. 

The  next  step  is  blending  of  the  W  powder  with  appropriate 
quantities  of  alloy  powder.  Alloying  powders  are  generally  iron, 
nickel,  copper  and  sometimes  cobalt.  In  preparation  for 
pressing,  a  measured  weight  or  volume  of  alloyed  powder  is  put 
into  a  rubber  bag  and  jolted  (vibrated)  to  a  predetermined  fill. 
TOie  bag  is  then  sealed  and  loaded  into  an  isostatic  press.  Op  to 
250  of  these  compacts  are  isostatically  pressed  at  one  time  using 
vdt^GiT  AS  tiiG  pressing  ttsdiunie  A  hydirostAtxc  piTGSSiiirG  of 
30,000psi  is  the  rule. 

After  isostatic  pressing  the  powder  compact  has  enough 
st:renatii  to  support  its  own  weight  with  careful  handling  and  the 
rubber  bag  can  be  removed.  The  core  blank  is  now  ready  for 
sintering.  The  core  blanks  are  laid  horizontally  on  a  bed  of 
granular  alumina  on  a  molybdenum  boat  and  stoked  through  the 
sintering  furnace.  Sintering  furnaces  are  electrically 
resistance  heated  and  use  a  hydrogen  atmosphere.  Sintering 

temperatures  are  typically  ISSO-ISSO^C. 

After  sintering,  all  heavy  alloy  coii5)onente  are  vacuum 
annealed,  mainly  to  remove  entrapped  or  absorbed  hydrogen  that 
might  otherwise  cause  embrittlement.  After  vaOTum  annealing,  the 
blanks  are  heated  and  quenched  into  water.  This  treatoent  ^ 
enhances  the  ductibility  of  the  soon  to  be  cold  worked  material. 

Cold  working  is  accomplished  by  rotary  swaging. 
preparation  for  swaging,  the  blanks  are  faced  and  centered 
the  O.D.  turned.  The  machined  blanks  are  then  rotary  swaged  to 
achieve  the  desired  mechanical  properties.  After  swaging  the 
blanks  are  machined  to  final  configuration  on  CNC  finish  turn 
lathes. 
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CHAPTER  IV 


ENVmOlQfEllTAL  OONSIDERATICHIS 
for  the 

KB  Penetrator  I-ong  Term  Strategy  Study 


a.  The  objective  of  this  portion  of  the  study  was  to  perform  a 
preliminary  Assessment  to  investigate  the  ^vironmental  Md  health 
issues  associated  with  DU  and  Tungsten  penetrator  manufacturing, 

facilities.  This  work  also  included  an  assessnent 
Of  requirements  for  decontamination  of  industrial  iplant  equipment 
aPE)  at  Snuf acturing  sites.  Tungsten  and  DU  munitions  environmental 
effects  have  not  been  fully  characterized  by  the  scientific  community 
and  should  be  further  investigated. 

b.  The  work  was  executed  as  follows.  A  generic  risk  asses^ent  was 

performed  to  provide  an  overall  view  of  enyironmentel  and  . 

issues  at  manufacturing,  testing  and  recycle  facilities.  Thxs  task 
vas  performed  by  means  of  a  literature  search  with  subsequent  ^ 
evaluation  of  the  data  collected.  In  addition  to  toe  generic  risk 
assessment,  visits  were  made  to  a  number  of  manufarturing,  testing  and 
recycle  sites  currently  involved  with  DU  and  tungsten  materials. 
Detailed  technical  interviews  were  conducted  at  each  location  with  key 
personnel.  Site  visit  reports  were  prepared  and  information  obtained 
was  incorporated  into  toe  generic  risk  assessment.  See  appendix 

the  detailed,  all-encompassing  report.  A  pathway  modeling  analysis 
of  DU  and  W  migration  at  test  sites  was  conducted.  See  Appendix  B  for 
a  report  on  this  subject. 


a  We  conrlu*^^  that  DU  and  tungsten  alloys  (WA)  are  acceptable 
materials  for  use  as  kinetic  energy  penetrators  with  regard  to  human 
health  and  toe  environment.  The  environmental  effects  of  . 

materials  are  rather  low  when  appropriate  controls  are  used.  Tungsten 
and  DU  munitions  environmental  effects  have  not  been  tolly 
characterized  by  the  scientific  community  and  should  be  investigated. 

b.  Based  on  a  preliminary  analysis  of  DU  and  WA  in  a  test  site 
environment,  it  was  determined  from  a  pathway  modeling  analysis  for 
both  these  materials  over  a  long  period  to^  these  sites 
considered  for  cleanup  of  both  DU  and  WA.  This  analysis  was  based  on 
many  assumptions  and  was  preliminary  in  nature;  however,  it  does 
emphasize  the  need  for  further  site  specific  analysis  before 
conclusions  may  be  reached  concerning  requirements  for  test  site  and 
post-combat  cleanup  of  either  material.  See  Appendix  B. 
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DU:  Heavy  netal,  nildly  radioactive,  highly  reactive 

chemically,  pyrophoric,  undergoes  significant 
oxidation  and  corrosion. 

TUNGSTEN:  Heavy  metal,  not  radioactive,  not  highly  reactive 
chemically,  not  pyrophoric,  eidiibits  low  corrosion 
although  slight  corrosion  takes  place  in  sea  water, 
alloyed  with  nickel  and  cobalt. 

COMMENT:  Intrinsic  properties  of  DU  require  increased  safety 

precautions  when  collared  with  tungsten. 


DU:  Penetrators,  ballasts  and  counter  weights,  radiation 

shielding,  catalysts. 

TUNGSTEN:  C2U±>ides  (cobalt  alloy)  for  machining  and  wear 

resistant  materials,  welding  and  hard  facing  rods, 
mill  products  made  from  pure  metal,  alloy 
constituent,  chemicals  and  compounds  for 
metallurgical  applications. 

COMMENTS:  Both  materials  have  commercial  applications. 

Although  commercial  uses  for  DU  exist,  they  are  min*- 
imal  %dien  compared  with  N  usage. 


DU:  Ionizing  radiation  causing  cancer,  chemiral  toxicity 

causing  kidney  daunage.  Health  hazards  (i.e. 
uranium)  have  been  investigated  extensively. 

TUNGSTEN:  Unalloyed  tungsten  Insoluble  form:  Transient  or 
permanent  lung  damage  and  skin  irritation. 

Soluble  Form:  Systemic  effects  involving  G.I.  Tract 
and  central  nervous  system;  effects  on  fertility  and 
developmental  abnormalities  in  the  musculoskeletal 
system. 

Alloyed  with  nickel:  Suspected  ceurcinogen. 
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Alloyed  with  cobalt:  Suspected  to  cause  respiratory 
disease. 

The  finished  alloyed  material  is  considered  to 
cause  fewer  health  effects  when  compared  with  the 
intermediate  powder  stage  where  nickel  and  cobalt 
are  incorporated.  Proper  assessment  of  the  hazards 
of  tungsten  and  its  compounds  requires  further 
scientific  study. 

COMMENTS:  It  should  be  stressed  elevated  health  risk  for  both 
materials  is  due  primaurily  to  inhalation  of 
particles.  An  indepth  health  physics  analysis  of 
the  effects  of  alloyed  tungsten  penetrator 
manufacturing  and  testing  is  required. 

4).  pvcnTATORY  ISSUES r 

DU*  Regulated  by  NRC.  NRC  allows  higher  acceptable 

lifetime  risks  than  any  other  federal  agency,  but 
has  strict  licensing  requirements  for  material  use. 
NRC  requires  exposures  be  Jcept  "As  low  As  Reasonably 
Achievable"  (ALARA)  due  to  hypotheses  that  state: 
increased  risk  occurs  from  increased  exposure;  and 
any  radiation  exposure,  no  matter  how  small  presents 
some  health  risk.  Quantitative  risk  assessment 
methodg  show  a  small  number  of  deaths  could  result 
from  DU  exposure  at  pjwduction  sites  given 
continuous  employment  of  a  large  enough  worker 
population  for  20  years.  See  ^pendix  D,  Volume  2, 
page  IHIO,  pauragraph  D.3.1. 

TUNGSTEN:  Regulated  by  OSHA.  Has  no  equivalent  licensing 
requirement  to  DU  and  regulatory  controls  are 
significantly  less  strict  than  for  DU.  Tungsten 
compounds  are  regulated  by  the  concept  of  Threshold 
Limit  Values  (TLV) ,  ibich  implies  that  exposures 
below  the  TLV  limits  cause  no  health  effect.  In  a 
quantitative  risk  assessment  where  exposures  are 
below  the  TLV,  no  deaths  are  expected,  regardless  of 
the  worker  population. 

COMMENTS:  Both  materials  are  acceptable  for  use,  as  defined  by 
standards  set  by  government  agencies. 
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5) .  PRODUCTION.  STORAGE.  DECONTAMINATION ,  RECYCLE t 

DU:  Significant  controls  are  required  throughout 

production,  storage,  decon,  recycle.  Fires  present 
the  potential  for  significzmt  health  consequences 
and  nay  reqpiire  cleanup  actions.  Decon  of 
equipment,  if  possible,  or  equipment  burials  are 
required.  Low  Level  Waste  (LLW)  generated  requires 
special  burial. 

TUNGSTEN:  Significant  controls  not  required  outside  the  powder 
metallurgy  manufacturing  stage.  Potential  effects 
of  fire  are  less  severe  them  DU.  Some  compounds 
are  reconmended  for  disposal  in  a  landfill  approved 
for  disposal  of  hazardous  wastes.  Some  decon  of 
equipment  may  be  required;  however,  decon  of 
equipment  is  not  considered  a  significant  issue. 

COMMENTS:  DU  fire  risks  are  considered  nanageeUsle  by 
regulatory  agencies  due  to  iiqirobability  of 
occurrence. 

6) .  RANGE  TESTING: 

DU:  Testing  effects  have  been  characterized  and 

extensive  safety  precautions  are  in  place. 
Penetrators  are  fired  against  armor  in  targets  with 
environmental  controls.  Soft  target  testing  results 
in  penetrators  and  fragments  dispersed  in  the  open 
environment  on  sites  controlled  by  the  government. 
There  are  no  indications  (from  limited,  but 
substantial  environmental  work  performed  to  date) 
that  soft  target  testing  presents  a  significMt 
environmental  threat.  It  is  likely  that  DU  recovery 
from  ranges  will  be  required,  if  not  for 
environmental  reeisons,  then  for  regulatory  and 
political  concerns. 

TUNGSTEN:  Testing  effects  have  not  been  characterized. 

Current  procedures  require  no  environmental  safety 
precautions.  Health  hazards  to  personnel  of  hard 
target  testing  are  unknown.  It  is  assiimed,  but  not 
proven,  that  tungsten  penetrators  and  fragments 
dispersed  on  open  ranges  will  not  have  environmental 
effects.  We  doubt  that  tungsten  recovery  from 
ranges  will  be  necessary.  However,  we  have  no 
conclusive  evidence  to  support  this  statement. 
Considering  analysis  performed  in  Appendix  B,  it  is 
necessary  to  study  WA  test  site  cleanup  needs. 
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COMMENTS: 


DU  penetrators  &  fragment  recovery  costs  can  be 
anticipated,  while  tungsten  retrieval  of  penetrators 
^  recovery  will  probably  nob  b©  racjiiired.. 

studies  to  decide  the  necessity  for  tungsten 
recovery  are  needed. 


7) .  COMBATJ 
DU: 


TUNGSTEN: 


COMMENTS: 


Exposures  to  military  personnel  may  be  greater  than 
those  allowed  in  peacetime,  and  could  be  locally 
significant  on  the  battlefield.  Clean-up  of  pene¬ 
trators  and  fragments,  as  well  as  impact  site  decon 
will  likely  be  required. 

Potential  exposures  to  respirable  particles  from 
penetrator  impacts.  Cleanup  and  decon  are  not 
to  be  required?  but,  further  study  is 
recommended . 

difference  in  clezmup  requirements  is  the 
significant  finding  from  this  coiiq)arison. 

Additional  information  on  DU  combat  exposure  will 
be  needed  for  post-conflDat  debriefings  and  actioi^.  A 
study  is  reconmended  to  determine  likely  DU  combat 
exposures. 


8)  .  PPBI.TC  REIATIONS; 


DU: 


Public  relations  efforts  are  nece^ary  due  to  toe 
public's  perceived  fear  of  radioactivity.  Fielding 
and  comba^ctivities  present  toe  potential  for 
adverse  international  reaction. 


TUNGSTEN: 

COMMENTS: 


Public  relations  efforts  are  not  needed. 

Potential  exists  for  heightened  public  reaction  to 
DU  manufacturing  and  testing  perceived  risks. 


d.  CTgWERTC  Risy  ASSESSMENT  CONCLUSIOHSl 

1)  .  Both  DU  and  tungsten  present  low,  acceptable  risks  for  use  in 
penetrators . 

2)  .  There  are  advantages  of  an  environmental  nature  to  txingsten 
over  DU.  These  advantages  are  as  follows: 

Xiess  mauiagement  control  during  manufacture  since 
tungsten  is  not  radioactive. 
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b)  Risk  of  fire  during  manufacturing  and  its  consequences 
are  less  for  tungsten. 

c)  Public  relations  efforts  are  not  needed  for  tungsten. 

d^  significant  decontamination  and  disposal  (D&D)  efforts 
at  tungsten  manufacturing  sites  are  not  necessary. 


of  DO  and  tungsten  penetrators  appears  to  be  in 
.=™ikncrSl^irelic.M.%ulatlon.  w.  have  no 

SSSlSSSle  Pnblirhealth  and  tbe  envaronnent. 

Pires  at  DO  manufacturing  facilities  could  present  a 
4.  to  nearby  populations,  involve  considerable  cleanup 

S5ll“n’1dllS2’'p5b!“  reaction.  Iha  probability  of  £««. 

is  extremely  low. 

Future  regulatory  changes,  by  the  NRC,  app^ently  will 
preslit  nl^lbstaclS  to  continued  DO  production,  although  uncertainty 
exists  regarding  regulation  changes. 

4)  .  Low  level  waste  amounts  for  disposal  have  steadily  decreased 
at  both  DO  manufacturing  sites. 

5)  .  significant  DO  process  technology 

developed  which  can  minimize  or  eliminate  metal  waste  disposal. 

6)  .  During  tungsten  production,  nickel  and  cobalt  are  primary 
poten’tial  pollutants  # 

7)  .  All  tungsten  scrap  and  metal  is  recycleable  into  the  tungsten 
reclaim  process. 

R\  Measured  and  estimated  airborne  concentrations  indirate  ttat 

alloy  proc«M.ing  ar.  vitbu.  current  liaxts. 

9\  A  deeontaaination  and  disposal  (MO)  sl^ 
faci?liy  ?rSjSSl"tS"b2*nSc£SS"(SfogS  fSISSS 
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Investigate  nethods  to  decrease  the  risk  and  environmental 
consewences  of  DD  manufacturing  facility  fires.  Mettods  used  in  the 
plutonium  industry  may  be  applicable  and  technology  transfer  between 
industries  should  be  investigated. 

Ensure,  through  additional  investigation  and  contimed 
oversight,  that  regulatory  changes  will  not  result  in  production 
problems  with  the  DD  manufacturing  base. 

Establish  proiects  to  implement  process  technology 

SiSLdze  DO  rJiological  (or  low  level)  waste 

disposal. 

^  jjjyes^xgate  on  a  broader  industrial  wide  basis  the  exposure 
levels  of  tungsten  workers. 

5) .  The  subject  of  DtD  at  sites  must  be  addressed  as  a  result  of 
NRC  regulations  changes. 


Testing  of  DD  penetrators  currently  takes  place  in  accortance 
with  applicable  regulations  and  appears  to  present  no  significant 
danger  to  public  health  or  the  environment. 

2)  .  Enclosed  hard  target  testing  is  conducted  in 
applicable  regulations  and  with  generally  suitable  environmental 

precautions. 

3)  .  Significant  site  specific  improvements  are  required  at  each 
of  range  facilities  visited. 

Jefferson  and  Yuma  Prov^g  Grounds^ 


or  resting  CUia 

materials.  It  appears  that  recovery  of  DD  penetrators  and  fragments 
Sill  eJeStually  be  required;  however,  addi^onal  cleMup  ov»  and 
above  recovery  may  not  be  necessary,  assuming  that  sites  will  not  be 
SSSsITfcJlIl.coiteollea  use.  Theiefore,  no  reliable  cost  “tiMtes 
we  available.  Any  range  renedial  actions  are  educated  g  the 
unexDloded  ordnance  issue.  Clean-up  cost  estimates  cannot  be 
conSdered  representative  of  the  true  costs  as  the  clean-up  standart 
and  method  postulated  may  not  be  appropriate,  feasible,  or  required. 

5^  Factors  that  influence  efforts  toward  penetrator  recovery 
includ^  possession  limits  of  the  site  imposed  by  the  NRC  license. 


6)  .  Tungsten  contamination  of  ranges  is  not  perceived  in  the 
testing  community  as  an  environmental  concern,  however  there  is  no 
definitive  scientific  proof  to  substamtiate  this  conclusion,  and 
further  study  is  recommended.  See  Appendix  B. 

7)  .  Detailed  DU  environmental  studies  regarding  worker  exposure 
and  test  range  status  are  already  in  progress  at  most  sites. 


h. 


TEST  RANGE  RE' 


1).  Upon  conclusion  of  the  studies  mentioned  in  paragraph  2.g. 
(above)  strategies  for  remediation  of  the  ranges,  if  necessary,  should 
be  developed.  Typical  Remedial  Investigation/Feasibility  Study 
(RI/FS)  procedures  coiild  be  implemented. 


2) .  Soft  target  range  testing  strategy  should  be  further  analyzed 
to  minimize  environmental  impacts  from  continued  testing. 

Consideration  should  be  given  to  meucimizing  penetrator  recovery  by 
restricting  testing  to  ranges  without  une3g)loded  ordnance  (UXO) . 
Improvements  can  also  be  made  to  enclosed  testing  facilities.  Future 
D&D  issues  for  ranges  must  be  addressed  since  permit  reissue  will 
require  such  consideration. 

3) .  Site  specific  soft  target  range  improvements  should  be 
considered.  Catch  box  design  and  impact  medium  should  be  investigated 
for  each  site  and  penetrator  material.  The  purpose  of  the  catch  box  is 
to  maximize  recovery  while  also  minimizing  fragmentation. 

4) .  Investigate  environmental  effects  of  tungsten  range  testing. 

5) .  Monitoring  should  consider  DU  as  well  as  tungsten,  nickel  emd 
cobalt  migration. 

6)  .  Clean-up  efforts  at  Yuma  should  be  ftmded  to  use  the  Gold 
Recovery  equipment,  already  demonstrated,  which  is  on  site  (YPG) .  See 
Volume  3,  page  11-149,  Appendix  D. 


i. 


RECYCLE  AND  DECONTAMINATION 


sssi 


1).  Facilities  to  i]iq)lement  recycle  of  munitions  and 
decontamination  of  equipment  are,  at  best,  only  at  concept  stage  of 
development.  This  presents  concerns  regarding  optimal  life  cycle 
control  of  penetrators. 


2) .  Decontamination  studies  for  IPE  with  recommendations  have 
been  prepaured  by  AHCCOH.  Decisions  have  not  been  made  for  disposition 
of  contaminated  equipment  currently  in  storage. 
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3^  Studies  have  demonstrated  that  approximately  85%  of  a  typical 
equipment  item  can  be  successfully  decontaminated  at  a  reasonable 

cost. 

4) .  Closure  estimates  are  available  for  DU  manufacturing 
facilities. 

K^  cost  for  tungsten  penetrator  facilities  could 

conceivably  be  incurred  for  remediation  of  heavy  metal  (powder  alloy 
process)  contamination. 

•  COMMENDATIONS  * 


1)  ,  studies  of  projectile  metal  parts  demil  resulting  in  optimal 
recycle  return  must  be  conducted. 

2)  .  A  study  of  the  benefits  of  equipment  decontamination 
burial  should  be  conducted.  Methods  and  site  of  decon  should  be 
investigated . 

3)  .  A  study  of  the  benefits  of  demil  &  recycle  of  old  tungsten 
penetrators  should  be  conducted. 

4)  .  comprehensive  investigation  of  the  above  issues  should  be 
i3iiple]aent:ed  • 


^  di«»sal  Reifications 

of  this  law  remain  uncertain. 

2) .  Facilities  will  face  large  increases  in  Radioactive  waste 
management  costs  in  the  future.  Available  space  for  burial  will  be 
limited. 

3^  pyrophoricity  of  DU  waste  with  potential  accidental  fires 
remains  a  TOncem.  Methods  for  resolving  this  issue  have  been 
proposed.  (See  Appendix  D) . 

Waste  minimization  and  volume  reduction  technologies  are 
available  within  the  DU  industry  and  are  not  being  fully  implemented 
at  Army  owned  facilities.  Manufacturing  sites  are  actively 
investigating  these  measures. 
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1.  TjQW  IJrVEL  WASTE  RECOMMENDATIONS? 

1)  .  Ensure  that  suitable  DU  waste  disposal  plans  with  regard  to 
the  Low  Level  Waste  Act  Policy  Amendments  of  1985  are  in  place. 

2)  .  Investigate  and  implement  technologies  for  waste 
mininization,  volume  reduction  and  reducing  pyrophoricity  of  wastes. 
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CHAPTER  V 
COST  ANALYSIS 
for  the 

KE  Penetrator  1^0119  Ter*  Strategy  Study 


1.  jfi^roduction 

As  Dart  of  the  KE  materials  study,  a  rough  order  of  magnitude 
(ROM)  estimate  of  the  cost  differential  be^een  DD  and  WA  rounds 
uae  made  for  the  ATACS,  KEM  and.  COMVAT  systems.  Cost 

f ai  R  for  each  portion  of  the  life  cycle  were  considered, 
iiflSdiSg  RfiD,  stockpilS,  facilitization,  manufacture,  operations 
etinnort  And  demilitarization.  Other  issues  such  as 
potential  cleamup  costs  for  manufacturing  and  test  sites  were  also 
aHHr>eseed  In  addition,  a  suggestion  was  made  during  a 
nJfiiminaiv  briefing  of  this  study  that  a  "warfighting*;  cost 
differential  be  developed,  to  consider  the  impact  of  fighting  a 
manor  wear  with  either  DU  or  WA  ammunition.  Although  this  analysis 
“s  caSied  St  (ref  3)  it  was  later  rejected  as  an  appropriate 
meastire  of  cost  difference.  The  following  sections  , 

discussions  of  cost  differentials  for  each  individual 
Srtion  of  the  life  cycle.  A  summa^  of  results  and  discussion  of 
SS  gaps  concludes  the  cost  analysis  chapter. 

2.  wftp  cost  Differential 

RAD  cost  differences  between  DU  and  WA  occur  in  two  U^eJ^al 
areas-  additional  safety  costs  related  to  working  with  DD  and 
Sditional  RAD  programs  related  to  improving  the  performance  of 

WA. 

The  issue  of  safety-related  costs  has  been  examined  in  detail 
as  part  of  the  25mm  M919  analysis  (refs  1  and  2) ,  and 
those  studies  form  the  basis  for  the  here. 

costs  related  to  DD  R&D  programs  include  additional 
SiSoSnel!  eqSipSSt  wd  tests  weired  to  monitor  radiation,  work 
with  DU  mateSals,  inspect  waste  disposal  pTOcedures,  and  obtain 
NRC  licenses  for  storage  and  deployment  (ref  ij . 

The  net  RAD  safety  cost  differential  was  based  on.re£®rence  2 
and  wunts  to  $1  million  in  1989  dollars.  It  was  ®st^®ted  that 
cost  differential  would  apply  to  all  three  weapon 
systems  -  ATACS,  KEM,  and  COMVAT. 

Conclusions  from  the  penetrator  performance  analysis 
discussed^earlier  in  this  r^ort 

perform  less  effectively  than  DU  against  threat  targets.  I® 
narticular,  for  the  ATACS  weapon  system  there  is  a  good  chance 

a  Ja  peSetoSor  may  perform  i«®2®?«tely  jgainst  tte  ta^et. 
It  was  estimated  in  the  technology  section  of  this  r^ort  ttat  a 
successful  R&D  program  to  improve  the  material  properties  of  WA 
rand  increase  its  perfomance)  would  cost  between  30  and  74 
million  dollars,  corresponding  to  low  and  high  chance  of  success. 
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respectively.  This  eoiount  is  included  as  an  R&D  cost  differential 
for  ATACS  in  favor  of  0U. 

Although  DU  also  outperfoms  WA  in  the  KEM  and  COMVAT 
systems,  both  penetrator  materials  may  achieve  acceptable 
penetration  levels  against  their  threats.  Thus  no  cost 
differential  for  improving  its  material  properties  was  assessed 
for  these  systems. 

pj^esent,  there  is  some  guestion  as  to  whether  a  DU  KEM 
round  would  need  a  special  (DU  licensed)  test  range  built,  or 
could  it  use  existing  test  facilities  (e.g.  White  Sands  Missile 
Range) .  The  assumption  used  in  this  cost  analysis  was  that  no  new 
test  site  would  be  built.  If  it  is  later  determined  that  a  new 
site  would  be  necessary  then  the  costs  for  construction  (and  later 
cleanup)  would  amount  to  a  cost  differential  in  favor  of  WA  for 
KEM. 

Table  V-l  summarizes  the  R&D  cost  differential  for  ATACS,  KEM 
and  COMVAT. 

3.  stoelmile  ceet  Differential 

As  was  previously  discussed  in  the  Industrial  Base  portion  of 
this  report,  there  is  an  adequate  supply  of  both  Tungsten  and  DU 
raw  materials  to  meet  normal  peacetime  production  rates.  However, 
under  mobilization  conditions,  additional  amounts  of  raw  materials 
and  processing  facilities  would  be  needed  to  meet  increased 
production  demands. 

Details  of  the  stoclcpile  costs  for  MOB  are  presented  in 
tables  V-2,V-3,  and  V-4.  Additional  information  regarding  this 
data  and  method  of  analysis  are  found  in  the  Industrial  Base 
section. 

Table  V-2  shows  the  DU  stodq)ile  analysis.  Key  points 
include: 


(1)  The  existing  UF6  stoclcpile  is  sufficient  to  handle 
MOB  situations  at  no  cost  to  the  Amy. 

(2)  In  the  event  of  a  "MOB  situation",  additional 
facilities  would  have  to  be  built  to  process  the  raw  material. 

(3)  It  would  be  prudent  for  the  Arz^  to  maintain  the 
DOE'S  Femald  Facility  for  use  in  a  MOB  situation. 

(4)  The  Canadian  processing  capacity  (De]d>y  and  Casting 
only)  may  not  be  available  for  US  use  and  was  nc»t  included  in  this 
analysis. 

Table  V-3  presents  details  of  the  WA  stockpile  emalysis.  Key 
points  include: 
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Table  V-1  RAD  Cost  Differential  ($Mj 

( DU$  -  WAS  )  ^tACS  KEM  OOMVAT 
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procBBBlng  taollltleB  and  aBBumaa  a 
to  bul/d  facllltlBB. 

RoQuIred  yaara  of  atockpHo 
RapraaontB  coat  to  opan  US  tntnaa. 
TImd  required  to  build. 


(1)  Th*  re  is  no  stoclq)ile  of  raw  naterial  available  for 
penetrators  during  MOB. 

(2)  A  raw  Mterial  stockpile  consisting  of  3  years 
supply  of  W  concratrate  is  necessary  to  naintain  a  three  year  MOB 
production  capability. 

/3\  Tt  appears  prudent  for  this  stockpile  to  be  created- 
coon  as  possible,  as  increases  in  M  imports  may  no  longer  be 
obtainable  during  the  presumed  "warning  year"  that  precedes  open 

hostility. 

f4^  In  the  event  of  a  "MOB  situation",  additional 
facilities  would  have  to  be  constructed  to  process  the  raw 
material. 

f5>  In  a  MOB  situation,  it  would  take  tTO  long  (2  1/2 
years)  to  open  new  US  tungsten  mines,  nor  would  this  be  the  most 
cost  effective  solution. 

Table  V-4  summarizes  the  DO  —  WA  stocl^ile  cost  differential 
data  for  the  ATACS,  KEM,  and  COMVAT  syst^.  Cost  advantages 
favoring  DU  are  in  the  tens  of  millions  of  dollars. 


The  costs  to  build  new  facilities  to  HMufacture  ppetrators 
for  aScs,  KEM,  and  COMVAT  will  vary  dep^dina  on  ?£ 

peneteator  material.  MOB  and  peacetime  facilitization  coste  for 
^  Salination  of  DO  and  MA  for 

as^for  the  25mm  M919,  have  been  provided  to  the  Industeiai  bMe 
pert  to"  of  this  report.  Table  V-5  summarizes  cost  i^orMtion  f  r 

f SrS  the  more  iSely  weapon  are 

combinations.  Depending  on  the  case,  A^CS,  KEM  ^  CO^T  are 
individually  varied  to  be  either  DO  or  MA  (%ihile  the  M919  is 

resiaiji  DU)  e  By  subtractixi^f  one  cnse  from  anotlier  it  is 
SSSSle^^SlSS  DO  -  ™o<»t  SlfMential.  for 
For  exaaiple,  case  A  shows  peacetime  and  MOB  facilitization  costs 

all  thr^  systems  will  be  HA.  Since  only  ATACS  ctoges  ma^iais 
Sr  theff^  two  cases,  the  ATACS  cost  differential  is  deteinzin^  by 
SStSSinScase  B  TOsts  from  case  A  costs.  The  net  result  is  a 
S9  million  advantage  to  DO,  divided  up  as  a  $5.1  million  adv^tage 
for  construction  costs  to  meet  peacetime  produrtion 
fia  9  advantage  for  construction  costs  to  meet  mobilization 

SSSuSion  retes!^tost  differentials  for  KEM  and  COMVAT  are  found 
StoilaTmanner.  COMVAT  shows  a  $2.7  million  advantage  in 
tovSr  Sf  DO,  lAile  KEM  shows  a  $1.1  million  advantage  to  WA.  The 
asne^  to  is  that  the  peacetime  cost  differential 
SiStlv  favors  I»(  $0.2  million)  *^ile  the  MOB  cost  differential 
(Sl”  Sllion) .  If  «  ‘w^m>ing  year-  is  assa»ed  prior  to 
actual  war,  MOB  facilities  construction  might  be  deferred  until 
that  tine. 
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TABLE  V-6:  FACIUTIZATIQN  COST  ANALYSIS 


TOTAL 


Table  V— 6  presents  the  final  facilitization  cost  mor 

differentials  for  ATACS,  KEM  and  COMVAT  for  both  peacetime  and  MOB 

production  rates • 

5.  ]<^aTmfac^^^T^^na  and  O&S  Cost  Pi  f 

His  SS“SS^Slit  ISy"SI*4SSSor  cost 

ISlSSeSleSSuy  net'^ufacturing  advantage  for 

either  DU  or  WA(e.g.  Refs.  3  and  4). 

At  small  calibers,  however,  analyses  of  manufacturing  cost 
have  reached  varying  conclusions,  ranging  from 

5  pS  “4SuS*4'Svrif  WA 

5IS  *“• 

from  smaller  caliber  Ph^anx  ana  ns believes  a 

SSSSu?SlSost 

round  in  favor  of  W  is  reasonable  for  COMVAT. 

SSSSSSaSSS“i^  “It^acoeptanoe  testing,  and  surveillance 
testing . 

over 

favor  of  WA. 


6.  cost  nifferential 

subiect  of  demil  costs  for  KE  projectiles  is  currently 
receiving  increased  interest.  Precise  estimates  o« 
Stualiy^costs  to  demil  a  DU  or  WA  penetrator  are  lacking.  In 
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TABLE  V-6:  FACILITIZATION  COST  DIFFERENTIAL  ($M. 
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particular,  accurate  quantitative  answers  to  the  following 
questions  must  be  determined: 

(1)  What  are  the  cartridge  disassembly  costs  for  KE 
penetrators  of  various  calibers? 

(2)  Will  the  Army  actually  realize  a  net  profit  if  WA 
rounds  are  demil  led  and  sold  as  scrap? 

(3)  What  is  the  scrap  market  for  a  demilled  DU  round? 

(4)  What  should  be  done  with  the  (possibly 
contaminated)  fins  and  sabots  of  DU  rounds?  (costs?) 

Various  proposals  to  address  some  of  these  questions  have 
recently  been  fonnulated;  however,  the  actual  investigations  may 
take  as  long  as  a  year  to  complete  (ref  5) . 

Previous  studies  have  investigated  the  demil  cost 
differential  between  DU  and  WA  projectiles  (refs  1,  2,  and  4) . 

Ref  4  was  a  1980  ARDEC  analysis  of  large  caliber  penetrators, 
idiile  refs  1  and  2  were  ARDEC  studies  of  the  25mm  XM919  (DU) 

/XM881  (WA)  projectile,  performed  in  1984  and  updated  in  1987, 
respectively.  Since  the  primary  aim  of  these  studies  was  to 
arrive  at  a  net  DU  -  WA  cost  differential,  not  all  aspects  of  the 
d**)!*!'*  process  were  discussed  in  detail. 

The  dominant  factor  in  these  cost  differential  analyses  was 
the  large  scrap  value  of  W  vs  presumed  disposal  costs  for  DU 
co]iq>onents.  It  was  estimated  in  the  1980  study  that  the  net  cost 
advantaae  from  demilling  and  scrapping  a  large  caliber  WA 
penetrator  would  amount  to  $53.24  per  penetrator,  while  disposing 
of  components  of  a  DU  round  would  produce  a  net  loss  of 
$2.98/round.  ^e  overall  demil  cost  differential  %ras  $56.22  per 
round,  in  favor  of  WA.  If  this  data  were  updated  to  1989  dollars 
and  current  W  prices  ($55.  per  STU) ,  the  net  demil  cost 
differential  is  reduced  to  $27.15  per  rotmd  in  favor  of  WA,  as 
shown  in  Table  V-8.  This  estimate  does  not  consider  any  possible 
recycle  value  for  DU,  and  could  be  substantially  changed  if 
economical  recycling  of  obsolete  DU  penetrators  were  achievable. 

Based  on  the  limited  amount  of  data  currently  available,  and 
pending  completion  of  more  detailed  demil  studies,  it  was  assumed 
for  the  purposes  of  this  analysis  that  the  $27. 15/round  cost 
differential  would  be  applicable  to  the  ATACS  round.  Cost 
differentials  for  KEM  and  COMVAT  were  estimated  from  the  ATACS 
value  by  factoring  in  the  ratio  of  the  weight  of  each  type  of 
penetrator  relative  to  the  weight  of  the  ATACS  penetrator.  After 
multiplying  by  the  total  number  of  rounds  being  demilled,  net  cost 
differences  for  these  three  systems  ranged  from  $6  million  to  $12 
million  in  favor  of  WA.  This  data  is  summarized  in  table  V-8. 

7.  Cleanup  Cost  Differential 

Environmental  issues  are  becoming  sources  of  increasing 
concern  to  everyone,  including  the  Army.  The  chemical  and 
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radioactive  hazards  associated  with  KE  penetrator  test  sites  and 
manufacturing  facilities  have  already  been  described  in  the 
environmental  section  of  this  report. 

Future  cleanup  costs  for  facilities  processing  DU  material  or 
manufacturing  DU  penetrators  may  cost  many  millions  of  dollars. 

The  extent  of  clean-up  required  at  the  test  sites  is  a  subject 
which  is  under  investigation  by  TECOH.  It  is  premature  to  attempt 
a  cost  estimate  at  this  time.  Nhatever  the  total  clean-up  costs 
are  determined  to  be,  they  represent  costs  to  clean  up  largely 
pre-existing  conditions  which  switching  from  DU  to  WA  would  not 
change.  Also,  it  is  not  clear  %diether  the  Army  will  incur  all,  or 
any,  of  the  clean-up  costs  at  the  privately  owned  sites. 

If  a  new  test  range  to  fire  DU  KEH  is  required,  this  would  be 
an  exception  to  the  above  assumptions.  As  was  discussed  in  the 
R&D  section  of  this  chapter,  both  construction  and  deem  up  costs 
for  a  new  DU  missile  test  range  would  create  a  significant  cost 
differential  in  favor  of  WA. 


8.  Total  Life  Cycle  Cost  Differential 

Table  V-9  combines  the  cost  differentials  from  all  the 
preceding  sections.  The  overall  cost  differential  for  ATACS  (46 
to  90  million  dollars)  is  in  favor  of  DU.  The  lower  value  asstmes 
the  successful  completion  of  a  high  risk  R&D  effort  to  improve  WA, 
%diile  the  larger  value  is  for  a  low  risk  R&D  effort  for  WA. 

The  net  cost  differential  for  KEM  ($0.3  million  in  favor  of 
DU)  is  inconsequential. 

The  cost  differential  range  for  COHVAT  (2  to  42  million 
dollars  in  favor  of  WA)  varies  from  being  relatively 
inconsequential  at  the  low  end,  to  being  in  favor  of  WA  at  the 
high  end.  This  variation  is  primarily  due  to  the  memufacturing 
cost  differential,  which  was  estimated  might  vary  anywhere  from 
zero  to  $10.  per  round  in  favor  of  WA. 

9.  Cost  Diffe^-*^n<^^«i  stiTMnarv  and  Issues 

ATACS  cost  differential  (46  to  90  million  dollars) 
significemtly  favors  DU.  The  primary  reasons  for  this  are: 

(1)  Expensive  R&D  program  to  improve  WA  material 
properties  appears  necessary. 

(2)  Expensive  W  stockpile  for  NOB  appears  necessary. 

The  KEM  cost  differential  favors  neither  material. 


V-14 


o 

ol 


5§ 


Ol  |A 

id^ 


^  . 

• 

c*  oo 

CM  CO 

CO  O  CO 

•  A  W 

ID  ™  O 

01  1 

7  ^  K 

CP* 

o 

o 

• 

Ol 

o  o 
•  • 

9  9o» 

o  W  CO 

t-  o  o 

^o 

S« 

•  -  *  • 
Ol 

ir- 

oi  d 

£ 

£ 

o 

o 

O 

g 

o 

a> 


d 

o 


o 

K 

I 

• 

O 

Ol 


®  o 

33 


• 

C9 

(6.1) 

3.9) 

o 

• 

0» 

o  o 
•  • 

CM  O 

w 

M 

I 

oi 


-  «)I2 


.  C9  oL  ^ 

"-::|S 

o 


« 

e 

9 

e 


Z 

ui 


S 

o 


9 

s 

e 

o 


|2| 


0» 

I 


A 

|2 


I 

bS 

sS 

«  o 
o  s 

£o 


S  E 


o 

Z 


o 

w  flC 


2  5 
^0.  £ 

ft  30 

g  »tt 


$  >g 

o  «  S 
^atL 


V-15 


The  cost  differential  for  COMVAT  (2  to  42  million  dollars  in 
favor  of  WA)  is  sensitive  to  the  relative  penetrator  manufacturing 
costs  of  the  two  materials.  If  the  manufacturing  costs  are  the 
same,  then  the  Total  Life  Cycle  Cost  Differential  is  essentially 
zero;  if  the  manufacturing  costs  favor  WA,  the  Total  Life  Cycle 
Cost  Differential  rapidly  increases  in  favor  of  WA. 

Areas  of  high  cost  differentials  include: 

(1)  WA  R&D  program  (for  ATACS) 

(2)  MOB  costs  (raw  materials  and  facilities) 

(3)  Possible  manufacturing  cost  differential  (for 
COMVAT) 


(4)  Demil. 

In  general,  detailed  cost  analyses  and  validated  estimates 
were  not  generated  during  this  study.  The  ROM  cost  differentials 
presented  are  primarily  the  result  of  gathering  and  updating 
existing  cost  data. 

A  detailed  manufacturing  cost  analysis  for  COMVAT  would  be 
useful  in  more  accurately  determining  the  total  cost  differential 
for  that  system. 

More  detailed  demil  cost  data  are  needed  for  large  caliber 
rounds.  Studies  investigating  DO  reclamation  options  are  3ust 
getting  under  way. 


More  detailed  estimates  of  the  costs  to  clean  up  ^ 

manufacturing  facilities  and  test  sites  are  needed  (although  ^is 
may  not  affect  the  cost  differential  between  DO  and  WA) .  Studies 
in  these  areas  have  recently  been  mandated  by  environmental 
agencies. 


A  determination  of  whether  the  testing  requirements  for  a  DO 
KEM  can  be  satisfied  using  existing  test  ranges  (e.g.  White  Sands) 
should  be  made.  Costs  involved  with  construction  (and  later 
cleanup)  of  a  new  DO  test  site  could  shift  the  cost  differential 
in  favor  of  WA. 


1. 
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CH&FZER  VI 


OONCCDSIOIIS  AND  RECOMNENDATIONS 
for  the 

KE  Penetrator  Long  Ter*  Strategy  Study 


1.  CONCLDSIONS: 

a.  Performance  Conclusions 

1) .  Details  of  the  BRL  Perfonaance  Analysis  are 
classified.  An  unclassified  summary  of  the  conclusions  is  as 
follows: 

a)  .  KE  systems  using  DD  penetrators  outperform 
those  with  WA  penetrators  given  the  same  system  constraints, 
for  both  RHA  and  the  range  targets  addressed.  The  gap  for 
these  reuige  targets  is  at  least  as  large  as  it  is  for  RHA. 

b)  .  The  specific  designs  analyzed  show  the 
inherent  terminal  ballistic  gap  could  be  overcome  by  using 
higher  technology/performance  projectiles  and/or  launchers  for 
WA  systems. 

c)  .  When  performance  requirements  exist  to 

extract  the  performance  from  KE  systems  like  KEH,  ATAC 

and  COMVAT,  the  KE  penetrator  material  of  choice  will  remain 

DU. 


2)  .  There  are  alternate  launch  technologies  in 
development  which  may  offer  higher  energy  or  velocity  on  target 
them  those  assimed  for  the  three  weapons  systei^  studied. 
However,  application  of  any  of  these  technologies  within  the 
fielding  timeframe  of  interest  is  considered  high  risk.  The 
launch  capabilities  assumed  in  the  BRL  Performance  Analysis 
represent  the  best  technologies  likely  to  be  available  for 
fielding  in  the  1995-2000  timeframe. 

3)  .  WA  material  studies  presently  maturing  are  not  ^ 
expected  to  result  in  any  substantial  closure  of  the  ballistic 
performance  gap  between  DU  and  WA.  These  same  WA  studies  are 
OTected  to,  and  have  already,  substantially  improved 
mechanical  properties,  which  may  result  in  somewhat  enhanced 
ballistic  performance  against  some  targets.  Optimized  WA/sabot 
assembly  designs  may  close  the  gap  further.  However,  no 
substantial  evidence  was  fotind  that  tois  improvement  will  be 
significant,  or  early  enough  to  provide  a  low-  to  medium-risk 
alternative  for  large  caliber  gun  systems  within  the  timeframe 
considered  in  this  study. 
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4).  A  long-range  material  development  effort  focused 
on  terminal  ballistic  improvements  for  HA  penetrators  against 
advanced  targets  is  needed.  Such  effort  has  been 
recommended  in  the  AKOEC/BRL/HTL  Tungsten  Coordination 
Committee's  Final  Report. 

b.  Industrial  Base  Conclusions 

1) .  Peacetime: 

a)  .  Neither  material  availed}ility,  nor  production 
capability  would  be  a  major  problem  for  DD  or  WA  penetrators. 
Some  additional  equipment  would  be  required,  depending  on  the 
combination  of  material  choices  for  each  weapon  system. 
Penetrator  facility  costs  would  range  from  $0.5M,  if  all  three 
future  weapon  systems  were  DD,  to  $5.75M  if  all  were  HA. 

b)  .  Private  sector  material  capacity  is  adequate 
for  DOE  identified  DU  programs.  There  are  DOE  requirements 
%diich  could  help  in  the  neeu:  term  workloading  problems  being 
identified  by  the  private  sector.  Technical  and  progreunming 
considerations  would  have  to  be  addressed. 

c)  .  Production  costs  for  DU  and  HA  are  expected  to 
be  about  equal  for  large  caliber  penetrators.  For  small 
caliber,  HA  penetrator  production  appears  to  be  less  costly. 

2)  Mobilization 

a)  .  Additional  tungsten  stockpile  will  be  required 
for  mobilization  if  penetrators  are  made  from  tungsten  alloy. 

b)  .  North  American  capacity  is  inadequate  to  meet 
depleted  uranium  mobilization  requirements  for  UF  4,  deid^y  and 
casting  This  shortfall  might  be  eliminated  or  significantly 
reduced  if  6AU-8  MOB  requirements  could  be  reduced  and  105mm 
MOB  requirements  were  brought  in  line  with  the  expected  number 
of  vehicles  in  the  field. 

c) .  U.S.  capacity  is  inadequate  to  meet  tungsten 
alloy  mobilization  requirements  for  APT  and  tungsten  powder. 
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d)  .  Penetrator  facility  costs  to  get  to 
mobilization  rates  range  from  $11,250,000,  if  all  items  were 
made  from  depleted  uranium,  to  $18,800,000,  xf  all  items  were 
made  from  tungsten. 

e)  .  Under  mobilization  conditions,  there  would  not 
be  any  private  sector  capacity  for  DOE  identified  depleted 
uranium  progreuns. 

c.  •Rnvironmental  Conclusions 

1)  .  Overall  Findings: 

a) .  We  conclude  that  DU  and  tungsten  alloys  are 
acceptable  materials  for  use  as  kinetic  energy  penetrators  witt 
regard  to  human  health  and  the  environment.  The  environmental 
effects  of  both  materials  are  rather  low  when  appropriate 
controls  are  used.  DU  and  WA  munitions  environmental  effects 
have  not  been  fully  characterized  by  the  scientific  community 
and  should  be  further  investigated. 

2)  .  Manufactiiring  Sites  Findings: 

a)  .  Production  of  DU  and  tungsten  penetrators 
appears  to  be  in  accordance  with .  appUcable 

have  identified  no  unmanageable  impacts  to  public  health  and 
the  environment. 

b)  .  Fires  at  DU  manufacturing  facilities  could 
present  a  potential  danger  to  nearby  populations,  involve 
considerable  clean-up  costs  and  have  an  ^verse  p^lic 
reaction.  The  probability  of  fires  is  extremely  low. 

c)  .  Future  regulatory  changes,  by  the  NRC, 
apparently  will  present  no  obstacles  to  continued  DU  production 
al^ough  uncertainty  exists  regarding  regulation  changes. 

d)  .  Low  level  waste  amounts  for  disposal  have 
steadily  decreased  at  both  DU  manufacturing  sites. 

e)  .  Significant  DU  process  technology  advancements 
have  been  developed  which  can  minimize  or  eliminate  metal  waste 
disposal . 

f)  .  During  tungsten  production,  nickel  and  cobalt 
pj^imary  potential  pollutants. 

g)  .  All  tungsten  scrap  and  metal  is  recycleable 
into  the  tungsten  reclaim  process. 
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h)  .  Measured  and  estimated  airborne  concentrations 
indicate  that  exposures  during  tungsten  alloy  processing  are 
within  current  limits. 

i)  .  A  Decontzunination  and  Disposal  (D&D)  site 
closure  plan  with  financial  backing  details,  is  required  at 
each  DL  site. 


3) .  Test  Range  Findings: 

a) .  Testing  of  DU  penetrators  currently  takes 
place  in  accordance  with  applicable  regulations  and  appears  to 
present  no  significant  danger  to  public  health  or  the 
environment. 


b) .  Enclosed  hard  target  testing  is  conducted  in 
accordance  with  applicable  regulations  and  with  generally 
suitad>le  environmental  precautions. 

c) .  Significant  site  s^cific  ii^rovements  are 
required  at  each  of  the  range  facilities  visited. 

d)  .  Aberdeen,  Jefferson  and  Yuma  Proving  Grounds 
have  been  used  for  penetrator  testing,  and  therefore  contain 
scattered  areas  of  DU  materials.  It  appears  that  recovery  of 
DU  penetrators  and  fragments  will  eventually  be  required; 
however,  additional  clean-up  over  and  above  recovery  may  not  be 
necessairy,  assuming  that  sites  will  not  be  released  for 
uncontrolled  use.  Any  range  remedial  actions  are  complicated  by 
the  unexploded  ordnance  issue.  Clean-up  cost  estimates  cannot 
be  considered  representative  of  the  true  costs  as  the  clean-up 
standard  and  method  postulated  may  not  be  appropriate,  feasible 
or  required.  Therefore,  no  reliable  cost  estimates  are 
available. 


e) .  Factors  that  influence  efforts  toward 
penetrator  recovery  include  possession  limits  of  the  site 
iaqiosed  by  the  NRC  license. 

f )  .  Tungsten  contamination  of  ranges  is  not 
perceived  in  the  testing  comnunity  as  an  environmental  concern. 
However,  there  is  no  definitive  scientific  proof  to 
substantiate  this  conclusion  and  further  study  is  recommended. 

g) .  Detailed  DU  environmental  studies  regarding 
worker  exposure  and  test  range  stattis  are  already  in  progress 
at  most  sites. 
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4)  •  Recycle  and  Decontamination  Findings: 

a)  .  Facilities  to  implement  recycle  of  munitions 
and  decontamination  of  equipment  are,  at  best,  only  at  concept 
stage  of  development.  This  presents  concerns  regarding  optimal 
life  cycle  control  of  penetrators. 

b) .  Decontamination  studies  for  industrial  plant 
equipment  (IPE) ,  with  recommendations,  have  been  prepared  by 
AMCCOM.  Decisions  have  not  been  made  for  disposition  of 
contaminated  equipment  currently  in  storage. 

c)  .  Studies  have  demonstrated  that  approximately 
Q5%  Qf  typical  equipment  item  can  be  successfully 
decontaminated  at  a  reasonable  cost. 

d)  Closure  cost  estimates  are  availedsle  for  DU 
manufacturing  facilities . 

e)  .  Closure  cost  for  tungsten  penetrator 
facilities  could  conceivably  be  incurred  for  remediation  of 
heavy  metal  (powder  alloy  process)  contamination. 

5)  .  Low  Level  Waste  Findings: 

a)  .  Changes  in  Army  radioactive  waste  disposal 
management  will  occur  as  a  result  of  the  Low  Level  Waste  Act 
Policy  Amendments  of  1985  which  establish  comparts  and  regional 
disposal  sites.  Ramifications  of  this  law  remain  uncertain. 

b)  .  Facilities  will  face  large  increases  in 
radioactive  vatste  management  costs  in  the  future.  Available 
space  for  burial  will  be  limited. 

c)  .  Pyrophoricity  of  DU  waste  with  potential 
accidental  fires  remains  a  concern.  Methods  for  resolving  this 
issue  have  been  proposed.  (See  Appendix  D) . 

d)  .  Waste  minimization  and  volume  reduction 
technologies  are  available  within  the  DU  industry  and  are  not 
tjojncf  fully  implemented  at  Army  owned  facilities. 

Manufacturing  sites  are  actively  investigating  these  measures. 


1) .  The  life-cycle  ROM  cost  differential  comparison 
for  the  ATAC  system  significantly  favors  DU.  The  primary 
reasons  for  this  are:  an  extensive  R&D  program  to  improve  WA 
performance  appears  necessary:  and  it  appears  necessa^  to^ 
establish  additional  W  concentrate  stocl^ile  for  mobilization 
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2) .  The  KEM  cost  differential  favors  neither  material, 
assuming  that  existing  test  ranges  can  be  utilized. 

3)  .  The  life-cycle  cost  differential  for  COHVAT  (2  to 
42  million  dollars  in  favor  of  WA)  is  sensitive  to  the  relative 
penetrator  manufacttiring  costs  of  the  two  materials. 

4)  •  Since  this  study  only  presented  ROM  cost 
differentials  utilizing  available  data«  more  detailed  cost  data 
are  needed  to  perform  a  valid  life-cycle  cost  comparison.  This 
was  especially  true  for  the  costs  associated  with  demil, 
recycle  and  with  COMVAT  penetrator  memufacturing. 

2 .  RECOMMENDATIONS : 

a.  System  Recommendations 

1)  .  ATAC  -  Continue  with  development  of  DD  as  the 
material  of  choice.  Pursue  the  DU  performance  enhancement 
efforts  identified  in  Chapter  IZ,  as  well  as  any  other  system 
enhancements  «diich  will  contribute  to  providing  a  sufficient 
threat  overmatch. 

2)  .  KEM  -  Since  this  study  utilized  assumed  penetrator 
and  weapon  pzurameters  idiich  were  not  approved  by  PM  LOSAT,  no 
material  recommendation  will  be  made.  Additional  analysis 
using  approved  system  parameters  should  be  performed  prior  to 
madcing  a  material  selection. 

3)  .  COMVAT  -  NA  is  considered  adequate  for  most  targets 
considered.  The  possibility  of  changing  to  a  DU  penetrator 
later  in  6.3  or  6.4  development  has  been  discussed  at  several 
Steering  Panel  meetings.  This  "drop-in"  concept  may  entail 
unforeseen  design  problems  and  program  risks.  It  is 
recommended  that  close  attention  be  provided  to  the  potential 
program  set-backs  which  may  be  encountered  if  a  "drop-in"  DO 
penetrator  is  required  during  later  development.  Consideration 
should  be  given  to  initiating,  in  early  6.3  R&D,  a  parallel  DU 
penetrator  development  effort.  This  dual  material  development 
could  either:  1)  terminate  in  a  demonstration  and  down  select 
prior  to  Type  Classification;  or  2)  provide  a  technical  data 
package  idiich  allows  either  material.  In  the  second  approach, 
cost  and  acceptable  performance  would  determine  the  material 
(and  contractor)  selection  for  each  production  contract. 
Estimates  of  funding  requirements  and  schedule  impact  for  the 
first  approa^  have  been  requested  from  the  ARDEC  COMVAT 
program  office. 
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b.  Industrial  Base  Recommendations 

1)  ,  Puirsue  estedalishing  points  of  contact  at  DOE  for 
coordination  in  determining  the  DOE  UF  4,  derby  and  casting 
reguirements  which  would  best  be  purchased  from  the  private 
sector.  The  centralized  kinetic  energy  penetrator  office 
recommended  in  paragraph  VI. 2. e.  (below)  would  be  an 
appropriate  office  to  perform  this  task. 

2)  .  Since,  under  mobilization  conditions,  there  would 
not  be  any  excess  private  sector  capacity  avaUable  for  DOE 
identified  DU  reguirements,  a  recommendation  is  made  that  DOE 
ensure  alternate  sources  are  available  for  DF  4,  derby  and 
casting  to  meet  MOB  requirements.  There  is  also  a  DOD 
shortfall  for  these  processes  in  mobilization.  One  option  to 
lessen  both  shortfalls  would  be  to  maintain  the  DOE  Femald 
facility  for  DOD  and  DOE  mobilization  requirements,  provided 
environmental/health  issues  at  Femald  are  not  overwhelming. 

3)  .  The  tungsten  concentrate  stockpile  should  be 
increased  if  any  WA  KE  penetrators  are  to  be  produced  in  a 
mobilization  event. 

4)  .  If  all  items  shown  in  Table  III-7  (Yearly 
Mobilization  Requirements)  utilize  DU,  North  American  capacity 
to  provide  UF  4  ,  derby  «md  casting  should  be  increased  and/or 
a  stockpile  established  as  soon  as  possible  to  handle 
mobilization.  The  GAD-8  represents  more  than  half  of  this 
amount  and  the  viability  of  this  portion  of  the  mobilization 
requirement  should  be  verified. 

5)  .  Regardless  of  material  choice,  penetrator 
facilities  (through  finish  machining)  should  be  increased  to  be 
capable  of  meeting  mobilization  requirements. 

c.  Environmental  Recommendations 

1).  Manufacturing  Sites  Recommendations: 

a)  .  Investigate  methods  to  decrease  the  ^  risk  ^  and 
environmental  consequences  of  DD  memufacturing  facility  fires. 
Methods  used  in  the  plutonium  industry  may  be  applicable  and 
technology  transfer  between  industries  should  be  investigated. 

b)  .  Ensure,  through  additional  investigation  and 
continued  oversight,  that  regulatory  changes  will  not  result  in 
production  problems  with  the  DO  manufacturing  base. 


VI-7 


c)  .  Establish  projects  to  ia^lem^t  process 
technology  improvements  which  minimize  DD  radiological  waste 
disposal. 

d)  .  Investigate  on  a  broader  industrial  wide  basis 
the  exposure  levels  of  tungsten  workers. 

e)  .  The  subject  of  D&D  at  manufacturing  and  test 
sites  must  be  addressed  as  a  result  of.  HRC  regulations  changes. 


2) .  Test  Range  Recommendations 

a)  .  Upon  conclusion  of  these  studies  mentioned  in 
paragraph  l.c.3  above  (Test  Range  Findings) ,  strategies  for 
remediation  of  the  ranges,  if  necessary,  should  be  developed. 
Typical  Remedial  Investigation/Feasibility  Study  (RI/FS) 
px’ocedures  could  be  implemented. 

b)  .  Soft  target  range  testing  strategy  should  be 
further  analyzed  to  minimize  envisronmental  impacts  from 
continued  testing.  Consideration  should  be  given  to  minimizing 
penetrator  recovery  difficulty  by  restricting  testing  to  ranges 
without  unexploded  ordnance  (UXO).  Improvements  can  also  be 
made  to  enclosed  testing  facilities.  Future  D&D  issues  for 
]^anges  must  be  addressed  since  permit  reissue  will  reguire  suCh 
consideration . 

c)  .  Site  specific  soft  target  range  improvements 
should  be  considered.  Catch  box  design  and  ia^act  medium 
should  be  investigated  for  each  site  and  penetrator  mat^ial. 
The  purpose  of  the  eatchbox  is  to  maximize  recovery  vdiile  also 
minimizing  fragmentation. 

d)  .  Investigate  environmental  effects  of  tungsten 
range  testing. 

e)  .  Monitoring  should  consider  DU  as  well  as 
tungsten,  nickel  and  cobalt  migration. 

f )  .  Clean-up  efforts  at  Yuma  should  be  funded  to 
use  the  Gold  Recovery  equipment,  already  demonstrated,  which  is 
on  site  (YPG) . 
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3).  Recycle  And  Decontamination  Recommendations: 

a)  •  Studies  of  projectile  metal  parts  demil 
resulting  in  optimal  recycle  ret^  must  be  conducted. 

Detailed  cost  estimates  for  demil  and  recycle  should  be 
included. 

b)  .  A  study  of  the  benefits  of  equipment 
decontamination  vs.  burial  should,  be  conducted.  Methods  and 
site  of  decon  should  be  investigated. 

c)  .  Comprehensive  investigation  of  the  above 
issues  should  be  implemented. 

4j ,  Low  Level  Waste  Recommendations: 

a)  .  Ensure  that  suitable  DU  waste  disposal  plans 
with  regard  to  the  Low  Level  Waste  Act  Policy  Amendments  of 
1985  are  in  place. 

b)  Investigate  and  implement  tectaologies  for 
waste  minimization,  volume  reduction  and  reducing  pyrophoricity 
of  wastes. 

A .  PAT'formance  Belated  Recommendations 


1)  .  A  long  term  ballistic  enheuicement  effort  for 
tunosten  is  recommended  which  considers  penetrator/ta^et 
interactions  and  attempts  to  determine  appropriate  material 
engineering  to  promote  improved  terminal  ballistics.  This 
effort  should  incorporate  the  recommendations  of  the 
ARDEC/BRL/MTL  Tungsten  Coordination  Committee  s  report. 

2) .  There  are  existing  Army  and  DARPA  programs  aimed 
at  improving  tungsten  penetrator  performanace.  The  Army  should 
continue  to  support  these  programs,  since  toey  may  eventually 
permit  use  of  tungsten  as  a  viable  alternative  to  DU. 

3) .  Type  Classification,  for  Foreign  Military  Sales,  ^ 
of  a  120mm  WA  round,  similar  to  the  M829,  is  reTOmmended.  This 
effort  would  provide  further  incentive  to  support  continued  WA 
material  development  and  projectile  design.  It  %ra«ad  also 
broaden  the  industrial  base  for  penetrator  production,  for 
idiich  mobilization  shortfalls  have  been  identified. 


Continue  to  pursue  DU  performance  enhancement 


efforts. 
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A  oveT-al’  w^^r-ommendation.  The  task  group,  together  with 
supoSrting  SntractoST  concluded  during  the  course  of  this 
study  that  there  was  a  need  for  one  centeal  naMgement  office 
in  Se^my  to  oversee  all  the  life  cycle  aspects  of  heavy 
ietS  usSSL  Accordingly,  it  is  the  overall  reco^endation  of 
study  that  such  an  office  be  established  haying  the 
SthoSty^and  funding  necepary  to  Provide  overalj^^manay^ent 
of  inate3ria>ls  and  'thai.r  itian  uses.  Th©  following 

lisSSrof^some  of  the  needed  studies/investigatioM  and  issues 
which  this  office  would  nanage,  aonitor  or  provide; 

H ,  Qiaracterize  further  DU  and  WA  environmental 
effects  especially  in  the  area  of  toxicity  as  it  applies  to 
Army  usage. 

2) .  Monitoring  of  development  efforts  to  improve 
performance  of  WA  penetrators. 

3)  Interface  with  DOE  and  other  departmente  on  DU 
dertiy  and  casting  commercial  requirements  with  special 
consideration  of  mobilization  needs. 

Investigate  methods  to  decrease  the  risk  and 
environmental  consequences  of  DO  manufacturing  facility  fires. 


5)  .  Formulate  an  Army  position  on  the  need  for  cleaniq> 
of  DU  or  WA  in  any  battle  scenario. 

6)  .  Analyze  DO  regulatory  changes  and  plan  necessary 
production  changes  to  minimize  impact. 

7)  .  Pursue  process  development  projects  tdiich  will 
minimize  DO  radiological  waste  disposal. 

8)  .  Review  for  sufficiency  health  physics  programs  at 
DO  producers. 

9)  .  Prepare  Army  position  on  liability  for  DfiD  of 
commercial  DO  sites. 

10)  .  Develop  strategies  for  remedial  investigation/ 
feasibility  study  for  proving  ground  test  ranges. 

11)  .  Consider  DSD  issues  for  proving  grounds  and 
prepare  appropriate  plans  and  funding  programs. 

12)  .  Pursue  cleanup  efforts  at  Yuma  involving  on-site 
recovery  equipment. 
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13).  Interface  with  DOE  and  others  on  improved 
technologies  for  DU  manufacture  and  recycle. 

14^  Investigate  methods  to  clean  and  recycle 
componeits  from  demiled  tactical  ^omids  and  oversee  upgrade  of 
Depot  Munitions  Work  Requirements  (DMWR) . 

15) .  Formulate  best,  most  cost  effective  approach  for 
WA  and  DU  obsolete  round  demil  and  disposal. 

161  Continue  to  monitor  performance,  cost,  etc., 
issues  to  assure  penetrator  material  recommendations  for  Army 
systems  are  correct. 

17).  Pursue  DU  performamce  enhancement  efforts. 

181  Provide  to  DA  once  a  year  an  updated  long  term 
strategy  considering  new  developments  in  weapon  launch 
technologies . 

191  Assist  Army  developers  on  all  heavy  metal 
decisiois.  ^the  cental  POC  for  the  Army  on  all  heavy  metal 

issues. 

20)  Stay  abreast  of  all  domestic  and  foreign 
processing  technology  improvements  on  tungsten. 

21)  .  Investigate  hazardous  waste/mixed  waste  control 
procedures.  Plan  for  disposal  of  such  waste. 

22)  .  Formulate  plan/methods  for  recovery  of 
contaminated  equipment. 

23) .  Continuous  review  of  appropriate  relations  and 
laws  for  all  aspects  of  WA  and  DU  life  cycle  efforts. 
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JlPFENDIX  a 

test  and  evaioatiom  considerations 


1  During  one  of  the  Steering  Panel  meetings  conducted  for  this 
study,  a  request  was  made  for  AMCCOM  to  examine  toeir  process 
Sntrols  and  test  plans  with  a  view  toward  reducing  DO  ammunition 
bSllStic  firing.  The  following  information  is  provided  to  address 

this  request:  .  . 

The  HMCCOK  has  tvo  initiatives  in  Pl«“  ’»?  »auoe  the  q^t^y 
of  DO  rounds  being  fired  on  »MC  conteolled  test  rMges.* 
initiative  uses  special  procedures;  the  second  initiative  employs 
procedures  already  in  routine  use. 

fl)  In  the  first  initiative,  AMCCOM  is  aggressively 
pursuing  the  application  of  Statistical  ^ocess  Control  (SPC)  and 
SSer  Tbtal  QuSity  Management  (TQM)  tools  by  contractors  for  DU 
rounds  and  their  components.  The  goal  is  to  optimize  process 
controls  and  reduce  round  to  round  variability  and  to  ensure  easy 
and  full  conformance  with  the  Technical  Data  Package  (TDP) 
rS^irements.  Meeting  this  goal  will  result  in  increased  lot  sizes 
and  maintain  the  current  confidence  in  test  results. 

(2)  The  second  initiative  involves  Project  Skip  and  allows 
contractors  with  excellent  quality  history  to  test  at  succeedingly 
lesser  fractions  of  Ballistic  Acceptance  Testing. 

could  reduce  his  testing  burden  to  a  level  of  one  lot  per  six  lots 
produced. 

2.  Also  requested  by  the  Steering  Panel  was  toe  stotus  of  soft 
target  catchboxes  and  toe  "Superbox"  DD  containment  fi^we. 
Information  concerning  toe  catchboxes  to  be  cototructed  at  toe  D.S. 
Army  Combat  Systems  Test  Activity  (CSTA) ,  located  at  ^erdeen 
Proving  Grounds,  is  included  at  Attachment  A  (CSTA  1st  Endorsement 
to  5  December  1989  Memo,  stibject;  AMC  KE  Penetrator  Steering 
Group) .  information  concerning  toe  "Superbox"  DU  Containment 
Fixture  to  be  constructed  at  CSTA  is  included  at  Attachment  B 
(STECS-LI  Factsheet,  28  November  1989,  subject:  Scope  of  DU 
Containment  Fixture  [Superbox)).  Both  attachments  include  general 
information,  sketches  and  cost/schedule  estimates  for  completion. 
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8TECS-AE-C  <AMC0A-SE/4  l)«C  89)  Ut  End  Mr.  M«lUc«/jn/35l93 
SUBJECT!  AMC  K-£  Ptn#tr«tor  StMring  SrcHip 

CoAMndar,  U.S.  Arny  Conbat  Systaas  Taat  Activity  f  ggg 

FOR  Ttehnical  Biractor,  U.S.  Aray  Taat  and  Evaluation  Comsand, 

ATTNa  AMSTE'TO 


I,  Tha  ■folloNins  inforaation  ia  providad  on  U.S.  Aray  Ceabat  Syataaa 
Teat  Activity  00  catch  boa  facilitiaai 

a.  One  of  tha  critical  aiations  of  the  USACSTA  ia  tha  tasting  of 
auTiitions  which  contain  daplatad  uraniua  (DU)  panatratora.  OU  aunitiona 
art  on#  type  of  tha  latest  generation  of  tank  aunitiona.  DU  addition 
auat  undergo  taat  firing  to  dataraina  accuracY«  production  quality  and 
reliability.  Accuracy  and  ballistic  flight  characlariatiea  are  studied 
by  firing  at  cloth  target#  and  aaasuring  valoestyt  trajectory  and  iapaet. 
This  soft  target  tasting  daterainas  delivery  accuracy  and  is  coaplioented 
by  araor  penetration  tasting  in  closed  facilities  (such  as  the  SUPERBOX) 
to  deteraine  target  effectiveness.  USACSTA  operates  under  a  Nuclear 
Regulatory  Coanission  (»RC)  and  is  one  of  only  three  Aray  sites  share 

target  testing  can  be  conducted  and  the  only  on#  where  hard  target 
tasting  can  be  accoaplishad. 

b.  Currently,  the  rounds  pass  through  the  soft  targets  and  land  in 
a  2-3  kilometer  tear-drop  shaped  area  of  soft  earth.  Tnere  1* 
aercsolitation  of  OU,  no  airborne  radiation  hazard  and  a  low  probability 
of  aigration  of  DU  particles  froa  the  iepact  area.  Environaental^ 
radiation  aonitoring  eondustad  to  date  has  indicated  no  increase  in  the 
aaount  of  radioactivity  at  the  range  iapaet  area. 


c.  On  TECOH's  initiative,  USACSTA  will  build  catch  boxes  to 
consolidate  the  iapaet  location.  Two  OU  catch  boxes  will  be  construct^ 
at  3100  eaters  and  3000  aatars  south  froa  aain  front  along  OU  OMlgna^ 
linos  of  fire.  Both  ceteh  boxes  will  be  physically  located  behind  cloth 
targets.  Each  OU  catch  box  will  consist  priaarily  of  loose  sand 
contained  by  wooden  wells  on  three  sides  (See  enclosure).  The  front 
portion  la  the  exposed  sand  section  where  the  OU  penetrators  i*P*^ 
are  caught.  Tha  loose  send  diaensiens  will  be  30*  x  40*  x  30*.  There 
will  be  witness  panels  placed  in  the  sand  to  aid  in  establishing  the 
quantity  of  sand  that  will  have  to  be  pariooically  cleared.  By 
Staining  the  projectile  within  the  catch  box,  it  will  greatly  reduce 
the  area  where  the  projectiles  iapaet,  and  facilitata  the  recovery  for 
disposal  of  expended  OU  projectiles.  Additionally,  both  catch  boxes 
will  be  closely  aonitored  to  ainiaiza  the  release  of  radioactive  aaterxal 
to  the  environaent. 
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Appendix  a 
Attachment  A 


STECS-AC-C 

SUBJECT! 


AtiC  K-£  Nn*tr«tor  Steering  Group 


d.  The  cost  of  the  teo  OU  catch  boK  facilities  nill  be  approxi- 
eateiy  IjSS.OOO. 

e.  The  OU  catch  facilities  will  be  fully  operational  January 
1990. 

2.  Point  of  contact  at  this  activity  is  CPT  Donald  J.  Harrington, 

AV  290-3534. 


PGR  THE  COhMANDERi 


Enel 

as 


i 


JO^D  L.  NOOK 

Director,  Autoeotive  te  Support 
Equipsent  Oircctcratc 


CF: 

Technical  Director,  LiSACSTA 
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Attachnent  A 


3 


A-3 


STECS-U 
28  Nov  89 


FACTSREn 


suBjeci:  Scop.  (W)  mtui.  (scpemox) 

Foets: 

_ _ _  T«*t  Activity  (USACSTA)  h*«  been  jlvor.  th« 

Ih.  0.5.  M»y  <00)  CmMii«.r.-. 

tuk  ot  Ptocurlji  J  ^11  t»  4  51J.5 

nxtttie  (SOHMOW.  This  „.t  fUturt  r.r  slfetlv. 

•lllleo.  «t4t4.«f-tta-trt.  wtti.  *»vtn»r.t  rsiaUtloM  co 

tsstlm  ol  BO  ^  ths  ^roBMat.  Th«  Isestloa  of  thl.  fUturs 

piotoet  ths  0“^Tlo.  WTO-4.  ,  jp  {ixior  vlthla  sa  saoiosure, 

1.  t«  .a  «.4  ttat  ta.  ^  j„, j,  1„4.S 

hoosvst.  »  scKlowto  h  ^  jy 

JSgSK;,*tn«  «— i  «•"“  -“■ 

SUPERBOX  •tcontlAl  to  tho  Atay  Acquloltl  y 

b.  The  *!*“•  *" Jri  ttorfhBt'rilfht 
«»ntsll»snt  wsssl  of  one  b™  ootsioasl.  sU  foot  tSiloV  f.sh.  Thti 

tuxmol.  both  ■oOTtoo  w  o  •  *  bloot  tffocts  of  ICO  pounds  hlgr. 

onclooure  will  bo  eop^lo  of  I  .  L  ^50  peur.ds  of  burnittg 

oxploslvo  (HE)  oqulvolent  ond  '5*  ^2rltv  of  tho  vooool,  o  aC*  *40'  x  25’ 
propoUont.  To  ‘"IfJ  Slh’SlOk  stool  »IU  bo  loitsUoO  la  ths  osntsr 

oxtoaolvo  Bonltorlns  tribute  power  to  the  fixture,  en 

•fflclont  fl^r  rteln.^l»ojjdo^o  p»?ch  p«>.l  .nd  actor  ot.rt.ro, 

ths  toms  -tri  b.  »r«i5^  by  .  |.-**«*  v«»  “»*»>-*  »• 

preduclns  the  woltego  requltoa  (Pig  2) . 

4.  to  tisst  .oiu  00  dost 

vssssl  vtll  oontslB  *  ,  ,  iioKie  flltrstloB  systot  tad  t 


Ends 


Uevld  Og 
AV  298-7 
CSTA 
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COMPARING  THE  ENVIRONMENTAL  HEALTH 
RISKS  OF  DU  AND  W  CONTAMINATION  FROM 
KINETIC  ENERGY  PENETRATORS 


need  FOR  A  COMMON  BASIS  FOR  COMPARISON 

As  part  of  the  thorough  examination  of  environmental  considerations 
of  kineUc^ergy  penetrators,  the  potential  health  riste  from  contaminauon 
of  firing  ranges  and  battlefields  must  be  considered.  The  first  thought  that 
"to  Jnd  U  that  depleted  uranium  is  radioactive  and  thus  an 
environmental  hazard,  whUe  tungsten  is  just  a  metal, 
environmental  hazard.  However,  both  depleted  ur^im  (DU)  »d  tungslm 
(W)  are  heavy  metals  and  may  have  chemically  toxic  ^ects  as  heavy  metals, 
^us,  we  caimot  dismiss  the  potential  hazards  of  W  simply  because  it  is  not 

What  is  needed  is  a  diaracterization  of  the  potential  environmental 
health  risks  for  the  two  metals,  using  a  common  methodology,  so  that  a 
meaningful,  and  quantitative  (if  possible)  comparison  ^  be  made.  Since  DU 
and  W^th  may  have  chemically  toxic  effects,  the  risk  of  diemical 
effects  is  one  useful  basis  for  the  comparison.  Therefore  we  comp^ed  the 
long  term  risk  based  on  potential  chemical  toxicity  for  both  DU  and  W  usmg  a 

The  nonnal  use  of  firing  ranges  and  battlefields  will  result 
accumulation  of  significant  quantities  of  DU  or  W  on  the  ground  surface. 
Th^cess  quantitiSof  DU  or  W  that  buildup,  above  the  naturally  occurog 
concentrations  (background  concentrations),  are  termed  cont^nation, 
where  DU  or  W  is  tiie  contaminant.  When  the  DU  or  W  contaminants  are 
deposited  initially  on  the  ground,  much  of  the  oontemiMtion  is  ®  ^ 

of  pieces  of  DU  or  W  metal,  scattered  around  the  site.  Additional 
conLnination  will  exist  in  the  form  of  smaU  partides  of  ^ 

uniformly  distributed  across  the  ground  surfac*.  Eventually  this  maten^ 
will  disintegrate  into  even  smaller,  more  mobile  components  and  and 
transported  away  from  the  rite  through  environmental  pathways. 

^At  some  ^int  in  time,  the  AnSy  may  wish  to  release  the  ^g  rang^ 
or  battlefields  from  its  control,  and  allow  unrestricted  me  of 
members  of  the  pubUc.  At  such  time,  an  assessment  of  Ae  public  health 
impact  of  the  unrestricted  use  of  the  sites  will  need  to  be  performed,  ^e  gori 
S^tiie  assessment  would  be  to  determine  if  the  residi^  amounts  of  DU  or  W 
contamination  do  not  pose  a  health  problem,  or  whether  some  de^niq?  of  tlw 

contamination  is  required.  Because  the  deanup  of  contaminated  l^d  can  ^ 

extremely  costly,  this  assessment  is  very  important  to  the  rompan^  of  toe 
health  of  DU  and  W.  Thm,  one  basis  for  comparison  of  toe  effects  of  DU 
and  W  is  the  calculation  of  internal  exposures  of  people  from  r^»dml 
quantities  of  contaminants  left  on  a  former  firing  range  or  battiefield.  The 
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following  discussion  describes  the  approach  we  applied  to  dtis  health  impact 
assessment 

PATHWAY  ANALYSIS 

After  the  DU  or  W  contamination  has  been  deposited  on  the  groimd, 
various  weathering  and  dispersion  medianisms  will  cause  the  contaminants 
to  be  transported  through  the  enviroiunent.  This  phenomenon  will  occur 
over  many  years  following  die  closure  of  the  site.  Small  amounts  of  die 
contaminants  may  become  dissolved  in  rainwater,  and  then  move  into 
subsurface  soils.  The  dissolved  contaminants  can  move  further  through  the 
subsurface  soils  and  can  enter  groundwater  aquifo’S.  Contaminants  in  the 
surface  soik  may  also  be  taken  up  through  die  roots  of  plants.  If  plants 
containing  contaminants  are  then  eaten  by  animals,  some  fraction  may  be 
taken  into  the  flesh  or  milk  of  the  animals.  Rnally,  contaminants  may  be 
taken  into  die  body  of  people  (dius  internal  exposures),  when  water  from  the 
aquifer  is  consumed,  aops  are  consumed,  or  the  milk  or  meat  of  catde,  or 
odier  food  animals,  is  consumed.  Contaminants  in  surface  soils  may  also  be 
resuspended  in  surrounding  air,  and  may  enter  the  body  through  inhalation 
of  the  air. 

The  various  routes  through  whidi  people  may  be  exposed  to  a 
or  may  intake  a  contaminant  are  called  exposure  padiways.  An 
example  eiqxisure  pathway  is  the  movement  of  W  in  soil  to  forage  grasses,  to 
catde  flesh,  and  then  to  humans  through  consumption  of  beef;  a  soil-gr^s> 
catde-meat'person  pathway.  In  order  to  fully  assess  the  potential  health  risks 
to  people  from  contaminants  in  the  oivironment,  the  transport  of  the 
contaminant  to  people  through  all  significant  exposure  pathways  must  be 
evaluated.  An  assessment  of  this  type  that  covers  all  agnificant  padiways  is 
called  a  pathway  analysis. 

If  we  axe  interested  in  the  potential  chemical  toxidty  effects  to  i^ple 
from  DU  and  W  contamination  in  the  environment,  a  pathway  an^ysis  can 
be  performed.  The  analysis  could  be  structured  to  calculate  the  total  intakes  of 
the  contaminants  by  people,  from  material  originally  deposited  in  die  soil. 
Since  die  padiway  analysis  will  exanune  all  routes  of  exposuie  of  people,  die 
results  of  die  analysis  can  be  used  for  a  meaningful  comparison  of  one 
environmental  impact  of  the  two  contaminants,  DU  and  W. 

DECHEM™  AND  DECOM™  METHODOLOGIES 

It  is  often  difficult  to  estimate  the  environmental  movement  of 
contaminants  dirough  the  measurement  of  environmental  samples.  These 
measurements  also  yidd  no  information  about  die  future  movement  of  the 
contaminants.  Thus,  models,  or  mathematical  representations  of  the 
environment,  have  often  been  used  to  perform  pathway  analyses  for 
environmental  risk  assessments.  Two  pathway  analysis  models  have  been 
developed  by  Radiological  Assessments  Corporation  for  determining  cleanup 
criteria  for  soils  contaminated  by  chemic^  and  by  radionudides.  These 
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models  called  DECHEM™  and  DECOM™,  respectively,  are  implemented  as 
computer  codes,  for  ease  of  calculations.  The  DECHEM  moddcan^^ed 

to  eftimate  the  potential  risks  to  people  from  the  chemical  toxiaty  effects  of 
DU  and  W  contamination  in  the  environment. 

The  DECHEM™  model  can  be  used  to  calculate  the  mtakes  of 
contaminants  by  people  from  soils  contaminated  by  DU  and  W.  In  this 
analysis  we  treat  DU  as  if  it  were  a  chemical  and  derive  Ae  tots  on  mtake 
from  standards  based  on  its  radioactive  properties.  All  significant  exposure 
pathways  are  included  in  the  model  calculations.  The  exposure  pat^ays  are 

S^toFigurel.  The  DECOM™  model  is  similar  to  the  DECHEM™  model 

except  DECOM™  calculates  radiation  doses,  instead  of  just  intakes  of 
contaminants  (and  thus  DECOM™  is  not  useful  for  assessments  of  W 
conlaminatton).  The  DECOM™  modd  us«  fte 

DECHEM™  modd,  except  that  DEOSd™  rq.laces  fl«  iidu^Mit  of  v^e 
orcanlc  compounds  (this  pathway  does  not  apply  » ladionu^es,  m 
wUh  the  (teect  radiation  exposure  of  people  near  the  radionuclide 

contamination. 
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TM 

Fignie  1.  Transport  of  diemical  oontaminants  considered  by  DECHEM  .  Residual 
contaminatiem  in  die  surface  soil  may  be  taken  up  through  ^  toots  by  food  and  forage 
cn^,  and  to  the  flesh  and  mQk  of  cattle  that  feed  on  the  forage  oops.  Contaminat^ 
soil  can  be  resuspended  into  the  air.  Gmtamination  in  die  subsurface  soil  is 
by  rainwater  and  infiltrates  the  groundwater,  from  whidi  drinking  water  may 
be  drawn. 
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reference  values 

The  DECHEM™  model  calculates  intakes  of  contaminants  in  units  of 
reference  values,  to  put  results  for  different  contaminants  on  a  common 
scale  One  reference  value  (RV)  of  a  diemical  for  a  particular  exposure  mode 
(such  as  inhalation  or  ingestion)  is  the  maximum  permissible  ^ual  mtake 
of  that  chemical  through  that  exposure  mode.  Thus,  a  DECHEM  calculated 
result  of  1  reference  value  for  inhalation  indicates  that  a  person  is  calculated 
to  inhale,  in  a  year  of  exposure,  a  quantity  of  the  contaminant  that  is  ^ual  to 
the  maximum  permissible  annual  intake.  A  result  of  10  RV  mdicates  a 
calculated  intake  of  10  times  as  much  as  the  maximum  permissible  amual 
intake  The  maximum  permissible  annual  intake  is  based  ultimately  on 
toxicological  data,  but  it  may  sometimes  be  deriv^  from  re^atory  standards, 
such  as  the  limiting  concentration  of  the  conteminant  in  driitog  water. 

When  multiple  exposure  modes  are  involved,  Ae  situation  is  more 
complicated.  The  limiting  annual  intake  is  often  different  for  different 
exD^ ure  modes  for  the  same  chemical.  If  one  assumes  that  all  ei^osurc 
modes  lead  to  the  same  toxic  effect,  and  that  the  limiting  intake  by  eaA 
exposure  mode  corresponds  to  the  same  level  of  the  effect,  men  i1^ 
reasonable  to  add  reference  values  for  different  exposure  modes.  The 
DECHEM™  model  makes  these  assumptions  and  provides  results  indicating 
the  total  reference  values  calculated  for  all  exposure  pathways.  Thx»  it  is 
reasonable  to  think  of  the  total  reference  value  as  a  fraction  or  multiple  of  a 
maximum  permissible  aimual  intake. 

results  OF  DECHEM  CALCULATIONS 

The  DECHEM™  model  was  used  to  calculate  the  environmental  health 
risks  to  people  for  the  time  period  after  a  site  (such  as  a  firing  ranp  or 
battlefield)  has  been  released  fiom  institutional  control.  Before  such  r»^M, 
site  access  is  typically  only  open  to  persons  in  the  course  of  their  offiaj 
duties  and  exposures  to  contaminants  are  controlled  by  occupational  health 
protection  programs.  After  this  time,  it  is  assumed  fliat  people  may  take  up 
residence  on  or  near  the  site,  derive  food  products  from  crop  grown  on  fte 
site,  and  derive  drinking  water  from  a  well  placed  on  the  site.  In  this 
situation,  eiqiosures  of  people  to  die  contaminants  may  pcur. 

The  DECHEM™  calculations  performed  for  this  review  used  many 
eeneral  assumptions  about  site  characteristics  and  ronta^ant  disti^utip, 
and  consumption  and  occupancy  patterns  of  people  inhabiting  a  site  after  it  is 
released  from  the  control  of  the  Army.  Because  of  the  many  general 
assumptions  made,  the  resulting  reference  values  should  not  be  mtetpreted 
as  the  absolute  value  of  intakes.  However,  when  the  same  situation  is 
modeled  for  the  two  different  contaminants,  DU  and  W,  the  relative 
maenitudes  of  the  results  can  be  used  for  a  preliminary  comparison  of  the 
emSonmental  risks  of  contamination  by  DU  and  W.  When  such  parallel 
modeling  is  performed,  the  results  allow  for  a  meaningful  comparison,  on 
the  same  basis,  of  the  effects  of  different  potential  contaminants. 
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This  DECHEM™  analysds  compared  DU  and  W  dispersed  over  an  area 
of  200  acres.  Since  concentrations  of  DU  or  W  contamination  in  soil  at  a 
firing  range  or  battlefield  site  are  not  known,  ttiree  different  profiles  of 
contaminant  distribution  with  soil  depth  were  assumed.  Typical  site-spedfic 
data  for  an  arid  and  a  wet  site,  that  had  been  modeled  in  previous 
assessments,  were  sdected.  These  parameters  were  not  intended  to  r^resent 
any  particular  Army  sites,  but  should  be  suitable  for  a  preliminary 
j|i;y»e€fTP«»n»  Two  different  time  periods  for  institutional  control  of  the  site,  1 
year  and  100  years,  were  considered.  The  institutional  control  poiod  is  ttie 
time  between  when  die  site  was  contaminated  to  die  concentrations  assumed, 
and  when  people  are  allowed  unrestricted  access  to  the  site.  Padiways 
considered  included  ingestion  of  food  products  grown  on  ^  site,  ingestion  of 
drinking  water  taken  tom  a  wdl  on  the  site,  and  inhalation  of  resuspended 
material.  In  this  analysis,  DU  is  treated  like  a  chemical  rather  than  a 
radionudide.  Results  of  the  DECHEM^  calculations  are  given  in  Table  1,  for 
DU,  and  Table  2,  for  W. 

Table  1.  DECHEM™  Calculations  for  Exposures  of  People  to  Depleted 
Uranium  from  So3  Contaminatioiu 


top  three  15-cm 

site 

afterl  year 

sofl  layers  (mg/kg)* 

type 

1000,100,10 

wet 

350 

110 

arid 

360 

350 

100,10,0 

wet 

35 

11 

arid 

36 

35 

10,0,0 

wet 

35 

1.1 

arid 

3.6 

35 

*  The  concentrations  are  given  for  die  top  three  15-cm  layers  of  soil  in  the 
order  0  to  15  cm,  15  to  30  cm,  and  30  to  45  cm. 


Radiological  Auessmadt  Corporation 
"Setting  the  standard  in  radiation  health' 


Cortiparing  the  Enviroiunental  Heslth  Kidcs  of  DU  end  W 
Conteniination  froiiij^[wtic_&jfe£^v^enetratoTS_^^^__^_ 


7 


Table  2.  DECHEM™  Calculations  for  Exposures  of  People  to 
Tungsten  from  Soil  Contamination. 


W  Concentrations  in 
top  three  15-cm 


soil  layers  (mg /kg)' 


a 


site 

type. 


Fxposure  (Reference  Values) 
after  1  year  after  100  years 

site  control _ site  control 


1000, 100, 10 

wet 

560 

21 

arid 

580 

540 

100,10,0 

wet 

56 

1.8 

arid 

58 

54 

10, 0, 0 

wet 

5.6 

0.18 

arid 

5.8 

5.4 

®  The  concentrations  are  given  for  the  top  three  15-cm  layers  of  soU  in  the 
order.  0  to  15  cm,  15  to  30  cm,  and  30  to  45  cm. 


CONCLUSIONS  ,  , , 

From  these  preliminary  calculations,  we  can  make  some  reasonaWe 
decisions  about  die  relative  environmental  hazards  of  DU  and  W.  Firet,  me 
calculated  reference  values  for  a  1  year  institutional  control  period  are  higher 
for  W  than  for  DU,  but  by  less  than  a  factor  of  two.  Because  of  ^  of  the 
general  assumptions  made,  this  difference  may  not  be  signific^t.  Thus,  the 
calculated  reference  values  should  be  considered  rdatively  similar. 

Second,  for  the  arid  site,  the  reference  values  decre^e  only  shghUy 
wifli  a  100-year  institutional  control  period.  Thus,  for  arid  sites,  i^titutional 
control  may  not  be  useful  to  reduce  future  exposures  of  people.  Third,  for  wet 
sites  there  is  a  signiHcant  reduction  in  reference  values  after  a  lO^year 
control  period.  This  is  due  to  the  inaeased  removal  of  the  contaminants 
from  the  surface  soils  by  leadiing  in  the  wet  enviromn^t.  For  a  lOJ-year 
control  period,  the  reference  values  deaeased  more  significantly  for  W  than 
for  DU.  Thus,  for  wet  sites,  institutional  control  may  be  an  optoon  for 
redudne  exposures  to  people  after  a  site  has  been  contaminated.  ,  ,  j 

The  most  important  point  here  is  fliat  tungsten  as  with  depleted 
uranium  is  a  heavy  metal  that  must  be  considered  to  pose  a  potentially 
sienificant  health  problem  when  present  in  high  concentrations  in  soU.  In 
fad  at  similar  concentrations,  W  may  be  more  of  a  problem  than  DU.  Thus, 
bas^  on  this  preliminary  analysis,  whenever  the  use  of  DU  is  considered  to 
result  in  an  environmental  problem;  the  use  of  W  will  also  result  in  an 
environmental  problem. 
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Again,  it  is  noted  ttiat  these  calculations  are  only  of  preliminary  nature. 
They  should  not  be  interpreted  to  imply  specific  acceptable  contamination 
levels,  nor  should  the  absolute  results  be  considered  accurate  calculations. 
The  n»t  st^  in  this  analysis  should  be  to  examine  the  contaminated  sites  on 
a  case-by-case  baas  and  apply  site-^>edfic  data  in  the  calculations. 

The  bottom  line  of  this  preliminary  evaluation  is  that  ranges 
containing  W  or  DU  (or  a  combination  of  the  two)  must  be  considered  for 
cleanup  from  an  environmental  risk  point  of  view.  The  degree  of  cleanup 
must  be  based  on  a  thorough  pathway  analysis  study  to  accoimt  for  all 
potential  routes  of  exposure.  There  is  apparently  little  difference  in  risk 
imposed  to  the  public  between  the  two  materials. 
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for  the 

KE  Penetrator  Lon?  Ter»  Strategy  Sto^ 


The  following  acronyms  and  abbreviation  appear  in  toe  main 
portion  of  toe  report.  Additional  definitions  for  those  acronyms 
toito  are  found  oSly  in  Appendix  D  (Contrart or  Environmental 
Sport)  are  found  at  toe  front  of  Volumes  I  and  II  of  that 

report. 


ALASA  -  As  Low  As  Reasontoly  Achievable 

AMC  -  D.S.  ARMY  Materiel  Command,  Alexandria,  VA 

AMCCOM  -  U.S.  Army  Armament  Munitions  and  Chemical  Command,  Rock 
Island,  IL 


ACT  •  Aerojet  Ordnance  Tennessee,  Jonesborough,  TN 


ape  ”  Ammunition  peculiar  eguipment 


apt  -  Ammonium  paratungstate  -  an  intermediate  in  toe  manufarture 
of  tungsten  powder,  occurring  between  tungsten  concentrate  and 
tungsten  oxide 


ATAC  -  Advanced  Tank  Cannon  Weapon  System,  intended  as  a  follow- 
on  to  toe  current  120mm  tank  main  armament 


ARDEC  -  U.S.  Army  Armament  Research,  Development  and  Engineering 
Center,  Picatinny  Arsenetl,  NJ 


BNW  -  Battelle  Pacific  Northwest  Laboratory,  Hanford,  WA 


BRL  -  U.S.  Army  Ballistic  Research  Laboratory,  Aberdeen  Proving 
Ground,  MD 


COMVAT  -  Combat  Vtoicle  Armament  Tetonology  Program,  a  medium 
caliber  weapon  system  currently  in  development  for  future 
infantry  fighting  vehicles 


CYS  -  Compressive  yield  strength 

DARPA  -  Defense  Advanced  Research  Projects  Agency,  Arlington,  VA 

DCS  for  AMMO  -  Deputy  Chief  of  Staff  for  Ammunition,  AMC 
headquarters 


C-1 


D&D  -  Decontamination  and  disposal 

DEP  ASA/RDA  -  Deputy  Assistant  Secretary  of  the  Anny  for 
Research,  Development  and  Acquisition 

Demil  >  Demilitarization 

Derby  -  Depleted  turmnium  metal  billet  formed  from  UF^  in  an 
exothermic  reaction 

mWR  -  Depot  Maintenemce  Work  Requirement 

DOD  Department  of  Defense 

DOE  *  Department  of  Energy 

DOT  ~  Depeortment  of  Transportation 

DO  »  Depleted  Urainium 

EM  -  Electomagnetic  (gun) 

ET  -  Electrothermal  (gun) 

EPA  Environmental  Protection  Agency 

FMPC  -  Feed  Materials  Production  Center,  Femald,  OH 

FOUO  -  For  Official  Use  Only 

FT  -  Fiscal  Year 

6.  !•  Tract  Gastrointestinal  tract 

GTE  -  GTE  Products  Corporation,  Towanda,  PA 

HPIfG  -  High  performance,  liquid  propellant  gun 

ICAPP  -  Integrated  Conventional  Ammunition  Procurement  Plan 

TpA  -  Institute  for  Defense  Analysis 

IPE  -  Industrial  Plant  Equipment 

KB  -  Kinetic  energy  (penetrator) 

KEM  Kinetic  Energy  Missile 
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ypifflamA-hal  -  Kennametal,  Inc.  Latrobe,  PA 

LABCOM  -  U.S.  Amy  Laboratory  Command,  Adelphi,  MD 

IANL  -  LOS  Alamos  National  Laboratory,  Los  Alamos,  CA 

lAP  •  Load,  Assemble  and  Pack 

L/D  •  i,ength“tO“diameter  ratio 

T.TU  -  Low  level  waste 

LOSAT  -  Line-of-Sight  Antitank  vehicle  for  the  KEM  weapon 

LP  -  Liquid  propellant 

LPS  “  Liquid  phase  sintering 

KICOH  -  U.S.  Amy  Hissile  Command,  Redstone  Arsenal,  AL 
MMT  -  Manufacturing,  Methods  and  Technology  program 
MOB  Mobilisation 
MT  -  Metric  ton  (2205  lb) 

MTL  -  U.S.  Amy  Materials  Technology  Laboratory,  Watertown,  MA 
MTU  -  Metric  ton  units.  For  example,  one  MTU  of  UFg  will  yield 
one  metric  ton  of  DU  metal. 

MW  -  Mechanical  working 

MSC  -  Manufacturing  Sciences  Corp. ,  Oak  Ridge,  TN 

NMI  “  Nuclear  Metals,  Incorporated,  Concord,  MA 

NRC  -  Nuclear  Regulatory  commission 

or 

National  Research  Council 

OSD  -  Office  of  the  Secretary  of  Defense 

—  Occupational  Safety  and  Health  Administration 

PBMA  “  U.S.  Amy  Production  Base  Modernization  Activity, 
Picatinny  Arsenal,  NJ 
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PBP  —  Production  Base  Plan 

rake  -  Rocket  Assisted  Kinetic  Energy  penetrator  aaanunition 
.i  Research f  Development^  Test  and  Engineering^ 

RHA  -  Rolled  homogeneous  armor 

Remedial  Investigation/Peasibility  Study 
RMA  -  Refractory  Metals  Association,  Princeton,  NJ 
ROM  ~  Rough  order  of  magnitude  (cost  estimate) 

RST  -  Rapid  solidification  technology 

SAIC  -  Science  Applications  International  Corporation  -The 
contractor  who  performed  an  environmental/health  xnvestigation 
for  this  study. 

SPC  -  Statistical  process  control 
SSC  —  Superconducting  supercollider 

Steering  Panel  -  The  senior  level  panel,  chaired  by  ^e^sistant 
DCS  for^Ammo,  %rtiich  guided  the  AMCCQM  Task  Group's  efforts  xn 
this  study. 

STU  -  Staoidard  tungsten  unit  (20  lbs  WO^) 

Superbox  -  A  DU  containment  fixture  being  irotall^  at 
C^t  Systems  Test  Activity  (USACSTA),  Ab^een  Proving  Grounds, 
MD,  which  will  be  capable  of  containing  a  f^l  sized,  fully 
loaded  armor  vehicle  for  live  DU  amor  testing. 

SH  -  Swaged 

TFS  •  Teledyne-Firth  Sterling,  LaVergne,  TN 

TLV  -  Threshold  limit  value 

TMP  —  Thermo— mechanical  processing 

Tungsten  Coordination  Committee  -  Representatives  frm  ^EC,  ^ 
and  MIL,  convened  in  early  1989,  to:  review  the  tectoology  and 
potential  of  WA  penetrators  to  defeat  the  current  w|d  future 
tixreat?  review  programs  underway  to  improve  the  te<^ologyj 
recommend  areas  that  should  be  explored  to  laqprove  the 
technology:  and,  eliminate  redundant  efforts. 
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TYS  -  Tensile  yield  strength 
UF  -  uranium  tetrafluoride 

UF  -  Uranium  hexafluoride 

O 

UTS  -  Ultimate  tensile  strength 

UXO  -  Une35)loded  ordnance 

H  -  Tungsten 

WA-  Tungsten  alloy 

UHA-  Tungsten  heavy  alloy 

X-rod  -  A  guided  kinetic  energy  penetrator  ammunition. 
ypG  “  Yuma  Proving  Grounds 
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